UNCLASSIFIED 


AD  NUMBER 


AD021570 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  DEC  1952.  Other 
requests  shall  be  referred  to  Office  of  Naval 
Research,  Arlington,  VA  22203. 


AUTHORITY 

31  Dec  1965,  DoDD  5200.10;  ONR  ltr,  13  Sep  1977 


THIS  PAGE  IS  UNCLASSIFIED 


Final  Reoort  On 


CONFIDE III 


The  Launching  and  Landing 
of  Carrier  Aircraft 


Contract  ONR  5S3  (01) 
December  1 952 


Part  IV 
Of  Four  Parts 

Part  I Ceneral  Report 

Part  1 1 Limitations  of  Cable-Drive  Catapults 
Part  III  A Multi-Jet  Driven  Catapult  (Hydrapult) 
Part  IV  Barricades 


By 

A University  of  Kansas  Resecrch  Group 
University  of  Kansas 
Lawrence,  Kansas 


CONFIDENT! 


6 


CONFIDENTIAL 


BARRICADES 


Part  IV  of  the  Pinal  Report  on 


THE  LAUNCHING  AND  LANDING 
OF  CARRIER  AIRCRAFT 

Contraot  ONR  5S3  (01) 
December  191?  2 


This  document  contains  information  effecting  the  National 
defense  of  the  United  States’  within  the  meaning  of  the 
Eapion&ge  Laws,  Title  18,  U.S.C.,  Sections  793  arid 
Its  transmission  or  the  revelation  of  its  content i In' any 
manner  to  an  unauthorized  person  is  prohibited  by  ltwv 


Copy  No.  /*? 
of  2 5 copies 
made  originally 


By 


A University  of  Kansas  Research  Group 
University  of  Kansas 
Lawrence..  Hanses 


CONFIDENTIAL 


b 


CONFIDENTIAL 


PREFACE 


In  August  1951  a University  of  Kansas  Research  group  was 
assigned  to  study  the  general  problem  of  the  launching  and 
landing  of  carrier  aircraft.  The  work  was  done  under  contract 
ONR  583  (01).  The  purpose  of  the  study  was  to  obtain  from 
a well* trained  diversified  group  not  too  imbued  with  past  and 
present  Navy  thinking  and  procedure,  an  independent  evaluation 
of  the  problem  and  possible  methods  of  solution,  emphasis 
being  placed  upon  development  tc  meet  future  needs  rather 
than  just  to  solve  immediate  problems. 

It  was  left  to  the  group  to  choose  those  aspects  of  the 
problem  on  which  to  concentrate.  As  a result,  certain  aspects 
of  the  problem  have  been  studied  intensively  while  others 
have  been  considered  only  superficially.  In  analyzing 
the  problem  and  dividing  it  into  its  several  aspects,  the  group 
asked  two  questions:-  (1)  Is  this  aspect  of  the  problem  of 
decided  importance?  (2)  Can  the  group  make  a worthwhile 
contribution  by  studying  intensively  this  aspect  of  the 
problem?  Emphasis  was  placed  upon  those  aspects  for  which 
the  answer  to  each  question  was  affirmative. 


the  group  submits  its  final  report  in  four  parts*  The 
title  and  general  content  of  each  part  la  as  follows! 


Part  I.  General  Report. 

This  section  presents  in  a comprehensive  yet 
understandable  manner  the  problem  as  the  group 
sees  it,  and  makes  clear  what  the  group  believes 
can  and/or  should  be  done.  This  section  is 
relatively  free  of  details  but  comprehensive 
as  regards  general  conclusions. 

Part  II*  Limitations  of  Cable-Drive  Catapults. 


This  section  presents  a detailed  study  of  the 
limitations  of  cable-drive  catapults  and  the 
relative  effects  of  different  modifications  of 
cable  drives.  It  Is  rather  analytical. 

Part  III.  a Multi=Jet  Driven  Catapult  (Iiydrapult). 


This  section  presents  the  results  of  a study  of  a 
multi- jet  catapult  which  the  group  refers  to  as 
a "hyurapult.”  Although  emphasis  Is  plaoed  upon 
the  general  features  and  operation  of  the  proposed 
hydrapuit,  numerous  details  are  included. 
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Part  IV 


Barricade a* 


This  section  present?  the  results  of  a moael 
study  of  barricades*  It  contains  many  tabular 
data  giving  force  distributions  among  the 
various  elements  of  typical  barricades* 
Numerous  photographs  are  included* 


The  University  of  Kansas  Research  Group  assigned  to  study 
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INTRODUCTION 

Although  the  barricade  constitutes  but  a small  part  of  the 
over- all  launching  and  landing  problem  aboard  carriers,  and 
although  the  barricade  in  current  use  appears  rather  satisfactory 
for  planes  now  employed  on  aircraft  carriers,  the  group  has 
nevertheless  felt  that  the  problem  of  barricade  design  warranted 
further  quantitative  study.  This  feeling  rests  upon  the  following 
facts ; 

1.  Barricade  failure  may  fee  very  expensive  both  as  regards 
loss  of  life  and  damage  to  planes.  The  deck  crew  and 
parked  planes  are  endangered  equally  with  the  pilot 
and  the  particular  plane  he  is  attempting  to  land. 

2o  In  each  of  two  barricade  demonstrations  at  the 
Philadelphia  Navy  Yard  witnessed  by  thd  group  in 
August  1951,  the  barricade  failed.  Althou^i  important 
modifications  have  been  made  since  then,  the  group  feels 
that  any  possible  improvement  In  the  basic  design  should 
not  be  overlooked. 

3*  It  appears  that  little  is  known  about  the  force 

distributions  in  the  several  elements  of  barricade*  in 
use  or  considered.  Even  approximate  data  on  the  force 
distributions  might  provide  a basis  for  future 
modifications  of  present  designs,  or  provide  a basis  of 
judging  the  probable  merits  of  other  designs  which  might 
be  suggested. 

k*  Barricades  will  soon  be  needed  to  stop  planes  with  wings 
swept  back  from  45°  to  60° s This  will  certainly  introduce 
larger  forces.  It  would  be  well  to  consider  the  basic 
features  of  simple  possiblo  designs. 
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The  study  gr<iup  has  therefore  considered  the  problem  of 
barricades  in  general,  attempted  to  state  those  characteristics 
which  determine  the  merit  of  a particular  barricade,  made 
quantitative  measurements  of  some  of  the  static  characteristics 
of  typical  barricades,  and  arrived  at  certain  conclusions# 


GENERAL  CONSIDERATIONS 

Nearly  all  planes  are  stopped  by  an  arresting  cable  picked 
up  by  the  tail  hook*  Host  of  those  not  stopped  by  an  arresting 
cable  are  stopped  by  a barrier.  Die  problem  of  stopping  those 
few  that  pass  both  the  arresting  cables  and  the  barriers  involves 
but  a small  fraction  of  the  planes  landing.  The  problem  is 
nevertheless  important  because  of  the  loss  of  life  and  damage 
to  planes  which  would  occur  if  these  planes  were  not  stopped# 

The  best  practical  solution  of  the  problem  may  well  be  different 
for  large  and  for  small  carriers# 

Neglecting  for  the  moment  all  other  opei’ations  which 
prescribe  and  limit  space  assignment  on  the  landing  deck,  it 
seems  clear  that  the  best  solution  would  be  to  dispense  with 
the  barricade  and  let  those  few  planes  which  are  not  stopped 
by  an  arresting  cable  or  a barrier  go  into  the  sea.  This 
solution  would  probably  not  increase  materially,  if  at  ell,  the 
chance  of  serious  injury  to  the  pilot.  It  might  result  in  more 
extensive  damage  to  the  plane.  A majority  of  planes  stopped  by 
the  barricade  art  already  damaged,  however,  and  many  will  be 
damaged  still  more  by  engaging  the  barricade.  If  reliance  ia 
placed  in  a barricade,  failure  of  the  barricade  is  likely  to 
result  not-  only  in  far  more  serious  injury  to  the  pilot  and 
greater  damage  to  the  plane  than  would  result  from  going  into 
the  aea,  but  it  also  endpmgers  deok  personnel  and  parked  plsoes* 
Even  a rare  failure  would  probably  cause  injury  to  porsonnol 
and  damage  to  planes  above  the  average  which  would  result  fr  mi 
allowing  all  planes  now  caught  by  a barricade  to  go  into  the  oea. 

Even  apart  from  the  possibility  of  using  a Mgoing-into-th*« 
sea  barricade,”  there  is  much  to  be  said  for  the  existence  of 
separate  ana  simultaneously  usable  launching,  landing  and 
parking  facilities#  The  desirability  of  *-uch  facilities  is 
greater  on  a large  carrier,  having  a correspondingly  larger 
complement  of  planes#  than  on  a small  carrier.  It  is  the  opinion 
of  this  group  that  the  advantages  of  separate  facilities  will 
ultimately  lead  to  their  installation  on  large  carriers,  and 
that  in  such  instance  the  normal  barricade  should  be  eliminated 
and  the  plane  allowed  to  go  into  the  sea. 

The  small  or  medium  carrier  presents  a different  problem* 
Separate  launching,  landing  and  parking  facilities  can  probably 
never  be  provided  without  an  untenable  reduction  in  the  plane 
complement.  Some  deok  barricade  will  probably  always  be 
necessary.  Since  planes  used  on  even  small  and  medium  carriers 
will  undoubtedly  become  faster  and  probably  become  heavier,  the 
future  increases  in  landing  speed  and  weight,  coupled  with  the 
almost  certain  use  of  svreptback  wings,  will  make  the  barricade 


problem  considerably  .-sore  difficult  than  it  is  at  present.  The 
group  has  therefore  deemed  it  important  to  study  the  problem  of 
barricade  design  in  some  detail* 

The  primary  question  is,  what  are  the  characteristics  of  a 
barricade  which  determine  its  merit?  Hie  principal  desirable 
characteristics  of  a barricade  are  the  following 

1*  Hie  barricade  should  stop  the  plane  regardless  of  how 
badly  the  plane  may  be  damaged.  It  is  particularly 
important  that  damage  which  might  render  the  normal 
arre sting  cables  inoperative,  or  damage  which  would 
cause  the  normal  barriers  to  fail,  should  in  no  way 
lessen  the  effectiveness  of  the  barricade.  Any  plane 
that  the  pilot  is  able  to  return  to  the  carrier  is 
certain  to  have  at  least  the  fuselage  and  the  wing 
structure  more  or  less  intact.  It  would  be  well  to 
assume  no  more  than  this  minimum,  and  to  have  the 
barricade  operate  upon  one  or  the  other  of  these 
structuresc  It  is  difficult  to  see  how  any  engagement 
with  the  fuselage  can  be  accomplished,  except  perhaps 
with  a loop  around  the  nose,  in  which  case  the  actual 
engagement  would  even  then  be  primarily  on  the  wing1  s 
leading  edge  next  the  fuselage.  Thus  it  appears 
reasonably  certain  that  any  tarricade  should  engage  the 
wing  structure. 

2.  Hie  forces  witn  which  the  barricade  retards  the  plane 
should  be  distributed  over  the  plane  in  such  a manner 
as  to  avoid  placing  undue  local  stresses  on  the  plane. 


3*  The  tensions  in  various  similar  elements  of  the  barricade 
should  be  as  nearly  equal  as  possible,  and  the  equality 
among  elements  should  be  maintained  for  all  values  of 
runout.  Insofar  as  possible  also,  these  forces  ehould 
pull  directly  opposite  the  direction  of  the  plane's 
motion.  These  two  conditions  minimise  the  stress  to 
which  the  most  stressed  element  is  subjected. 


4..  The  forces  which  act  on  the  plane,  as  for  example  on 
the  leading  edge  of  the  wing,  should  be  as  nearly 
perpendicular  as  possible  to  the  surface  on  which  they 
act.  This  condition  minimises  the  tendency  of  a 


barricade  clamant  to  slide  luo  wxng. 


x h seems 


probable  that  sliding  of  an  element  along  the  leading 
edge  of  a wing  may  contribute  materially  to  tearing  of 
both  the  element  and  the  wing.  This  desirable  requirement 
is  not  always  consistent  with  the  preceding  requirement 
(3) } a compromise  will  usually  be  necessary. 
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5*  For  an  off-center  landing,,  any  component  of  force  exerted 
on  the  plane  perpendicular  to  the  oenter  line  of  the 
landing  deck  should  be  directed  toward  this  cento*-  line* 
The  only  exception  to  this  would  be  for  an  off-center 
landing  with  the  plane  velocity  having  an  appreciable 
component  toward  the  oenter  line*  For  a plane  velocity 
parallel  to  the  oenter  line  no  centrally  directed 
component  of  force  is  particularly  necessary,  though 
a small  one  would  certainly  not  be  undesirable.  In  a 
landing  for  which  the  plane  velocity  haa  an  appreciable 
component  directed  away  from  the  center  line,  a relatively 
large  component  of  force  toward  the  center  line  iB  highly 
desirable* 

6.  For  a oenter  landing  in  which  both  the  fuselage  and  the 
plane's  velocity  are  parallel  to  ths  center  line,  no 
torque  is  necessary  though  a small  one  would  not  be 
undesirable.  For  a oenter  landing  in  whiah  the  fuselage 
is  parallel  to  the  plane's  velocity  but  in  which  the 
velocity  is  not  parallel  to  the  oenter  line,  the  torque 
should  be  in  such  a direction  as  to  orient  th9  fuselage 
more  nearly  parallel  to  the  oenter  line. 

7.  Toe  distribution  of  the  forces  exerted  on  the  plane  (2), 
the  equality  of  tensions  in  various  similar  elements  of 
the  barricade  (3),  and  the  directions  of  these  forces 

(3  and  4),  should  be  as  nearly  as  possible  the  same  for 
an  off-center  lending  as  for  a oenter  landing,  except 
insofar  as  a change  may  be  required  to  produce  a desirable 
component  of  force  directed  perpendicular  to  the  oenter 
line  (5)  or  a desirable  torque  tending  to  i UJT71  the 
plane  ( 6 ) • 

8.  The  distribution  of  forces  on  the  plane  (2),  the  equality 
of  tensions  in  various  similar  elements  of  the  barricade 
C3)»  end  the  directions  of  these  forces  (3  and  4)»  should 
be  as  nearly  as  possible  the  same  for  a landing  (either 
center  or  off  center)  in  which  the  axis  of  the  fuselage 
is  skewed  with  respect  to  the  direction  of  motion  of  the 
plane  as  for  a normal  landing,  except  insofar  as  a change 
may  be  required  to  produoe  a more  desirable  component  of 
force  directed  perpendicular  to  the  oenter  line  (£)  or  a 
more  desirable  torque  tending  to  turn  the  plane  (6). 

9.  The  behavior  of  the  barrioade  should  bo  as  nearly 
independent  as  possible  of  the  configuration  of  the 
plane,  as  for  example,  independent  of  the  wing  span 
and  the  angle  at  which  the  wings  are  swept  oack. 

10.  The  barricade  should  be  such  that  during  an  engagement 
there  is  little  chance  of  the  plane  flipping  over,  and 
little  chance  of  entanglement  of  the  barricade  with  the 
landing  gear  or  tail  fin  in  such  a manner  as  to  render 
the  barricade  inoperative,* 


li 


il.  Tbs  barricade  should  be  highly  resistant  to  v*»ther  damage. 

It  should  b©  expendable  and  easily  replaceable.  tt  should 

not  imped©  traffic  nor  be  damaged  by  traffic. 

It  would  be  too  optimistic  to  hope  that  any  possible  design 
could  meet  all  of  uhese  re qui laments.  Any  practical  design 
muss  be  but  a compromise,  and  perhaps  even  a none  too  desirable 
compromise*  Nevertheless-  recognition  of  the  various  desirable 
characteristics,  coupled  with  quantitative  analyses  of  the 
oharaoteris ties  of  proposed  designs,  should  aid  materially  in 
choosing  the  moat  satisfactory  design. 

Prom  general  consideration  of  the  requirements  stated  above, 
one  can  scarcely  escape  the  conclusion  that  the  best  barricade 
would  be  one  constructed  to  resemble  a continuum  of  highly 
flexible  elements  capable  of  great  stretch  -without  failure.  It 
would  be  advantageous  in  the  attempt  to  equalise  forces  in  the 
elements  of  the  barricade  if  the  elements  could  be  made  of  some 
material  which,  after  suffering  a giver.  percentage  elongation, 
offered  a resisting  force  that  is  independent  of  the  elongation. 
There  are  materials  that  show  this  characteristic  to  a considerable 
degree,  but  to  the  best  of  the  knowledge  of  the  group  none  of 
these  is  a suitable  material  from  which  to  fabricate  a barricade. 

In  any  case  one  would  wish  to  have  the  barricade  behave  in  many 
respects  like  a flexible  rubber  diaphragn,  the  rubber  of  which 
is  capable  of  great  stretch  before  failure.  Lack  of  a material 
which  can  be  stretched  sufficiently  without  failure  and  at  the 
aam«  time  meet  other  necessary  requirements  of  strength, 
durability,  eto.,  will  probably  mak«  it  necessary  to  go  ^ a 
finite  number  of  elements  arranged  in  such  a fashion  that  the 
equalization  of  tension  does  not  depend  too  drastically  upon 
the  ability  of  the  element  to  stretch.  Actual  analysis  of 
the  force  distributions  among  the  elements  of  any  proposed 
barricade  therefore  becomes  important. 


BARRICADES  FOR  PLANES  WITH  STRAIGHT  WIN03 


Believing  that  the  information  would  be  of  value  in  Judging 
the  merits  of  a particular  barricade,  and  of  value  in  indicating 
the  direction  of  possible  modifications  or  even  major  ohanges 
in  design,  the  present  investigators  undertook  an  extensive 
quantitative  analysis  of  the  force  distributions  in  various  types 
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in  possible  barricade  designs  showed  that  although  ?uc h 
calculations  were  often  possible,  they  wore  long  and  tedious 
at  best.  An  experimental  approach  was  therefore  adopted.  It 
should  be  emphasized  that  all  analyses  made  are  for  statio 
conditions. 


B le  group  recognizes  fully  that  appreciable  differences 
would  exist  between  statio  and  dynamic  analyses,  and  that  a 
dynamic  analysis  would  be  much  the  more  significant.  Some 
serious  difficulties  which  would  have  to  be  overoorae  in  any 
dynamic  model  study  are  evident  from  NAMC  Report  #M-iii601 
entitled,  "Scale  Model  Barrier  Investigation.0  A further 


analysis  of  conditions  which  must  be  met  in  dynamic  model  studios 
has  convinced  the  present  investigators  that  the  added  value  of 
dynamic  studies  would  scarcely  warrant  the  time  required  to  over- 
come the  attendant  difficulties,  some  of  which  it  might  well  be 
impossible  to  overcome*  Particularly  is  this  true  since  one  is 
interested  mainly  in  comparing  various  designs*  As  long  as 
considerations  are  confined  to  nylon  or  similar  barricade 
material,  as  seems  advisable  on  general  grounds,  this  comparison 
can  probably  be  made  with  sufficient  reliability  from  static 
analyses# 

There  was  constructed  a model  carrier  landing  deck  with, 
sheaves,  purchase  cable,  end  arresting  engine  which  could 
simulate  either  & singly  or  a doubly  reeved  engine.  All 
construction  was  to  a scale  of  3/8  inch  to  1 foot.  The  general 
construction  of  the  model,  to  which  various  barrioades  could  be 
attached,  is  shown  by  the  photograph  on  the  following  page 
(Photo  No#  76)#  A 4”ft«  x 8-ft#  piece  of  plywood,  with  its 
length  mounted  vertically,  was  used  as  a landing  deck#  Hie 
dock  sheaves  were  mounted  106  scale  feet  apart#  The  purchase 
cable  was  36-lb#  braided  linen  fish  line  held  under  a constant 
tension  of  2,000  grams  (when  singly  reeved)  by  a if-kg#  weight# 

Hie  re  was  negligible  stretch  in  the  linen  purchase  cable#  The 
arrangement  could  ba  made  to  simulate  a doubly  reeved  arresting 
engine  simply  by  clamping  the  two  parts  of  the  purchase  cable 
together  back  of  the  deck  sheaves.  Stops  were  mounted  at  the 
deck  sheaves  so  that  with  zero  runout  the  purchase  cable  extended 
3 feet  beyond  each  sheave.  The  arrangement  therefore  requires 
a barricade  100  feet  long  when  in  the  mounted  position# 

Typical  barricades  have  been  constructed  of  20-lb#  nylon 
fish  line#  Upon  being  placed  under  tension,  the  initial  stretch 
in  this  line  is  1.2  per  cent  per  lb*  tension  applied,  or  24  por 
cent  for  a tension  Just  less  than  that  for  rated  failure#  After 
the  line  is  held  in  a stretched  condition  for  some  time  the 
stretch  is  somewhat  greater,  approximately  1#7  per  cent  per  lb# 
tension  applied,  or  34  per  cent  for  a tension  j list  loSS  than 
that  for  rated  failure.  While  the  tensions  in  various  members 
of  the  model  barricades  were  far  below  the  breaking  strength 
of  the  line,  they  were  sufficient  to  produce  considerable 
stretch#  Typical  tensions  encountered  produced  stretches  of 
from  2 to  7 per  cent#  Stretch  in  an  actual  barricade  would  of 
course  be  much  larger,  but  this  would  always  lead  to  a more 
favorable  distribution  of  forces#  Attachment  of  the  vertical 
elements  of  the  barricade  to  the  leading  edge  of  the  wing  of  the 
plana  was  at  4-ft.  Intervals.  Inis  attachment  prohibited 
slippage  of  the  vertical  elements  along  the  leading  edge# 

Although  simulation  of  the  slippage  encountered  in  an  actual 
engagement  would  be  desirable,  the  amount  of  slippage  encountered 
is  so  variable  that  there  seemed  to  be  little  use  of  attempting 
to  simulate  it#  Adjustable  screw  mechanisms  on  the  simulated 
piano  wing  allowed  convenient  adjustment  of  the  lengths  of  the 
vertical  elements#  Hie  position  of  the  simulated  plane  could  be 
adjusted  to  give  any  runout  desired,  or  to  correspond  to  landings 
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off  center  by  any  nultipla  of  i+  feet.  No  provision  exists  for 
simulating  a landing  in  which  the  axis  of  the  fuselage  is  not 
parallel  to  the  center -line  of  the  deck,  although  in  a ay 
complete  study  such  a provision  should  be  made. 

Photographs  of  the  barricade  wore  taken  on  film  at 

various  stages  of  runout.  These  photographs  were  enlarged  to  ij" 
x 10”  for  the  purpose  « f analysis.  Whenever  possible  the  forces 
in  the  various  elements  were  determined  graphically  from  these 
enlargements,  and  expressed  as  a ratl^  to  T,  where  T is  the 
tension  in  either  purchase  cable  when  the  arresting  engine  is 
singly  reeved.  Analyses  can  be  made  rather  rapidly.  Errors 
in  the  graphical  solution  are  usually  only  a few  per  cent,  and 
rarely  as  large  as  5 per  cent.  Many  barricade  structures  have 
more  than  three  forces  acting  at  a given  point,  in  which  case 
knowledge  of  the  tension  in  the  purs’*  nse  cable  alone  constitutes 
insufficient  evidence  to  determine  graphically  (or  even 
analytically)  the  forces  in  the  individual  elements  of  the 
barricade.  In  these  cases  the  forces  in  the  vertical  elements 
were  measured  direotly.  The  screw  adjusting  mechanism  attaching 
the  vertical  element  was  designed  to  allow  making  suoh  measure- 
ments simply  by  hooking  a spring  balance  to  tne  top  of  the 
mechanism*  While  direct  measurements  of  force  are  less  accurate 
than  graphical  determinations  because  of  friction  in  the 
adjusting  mechanism,  they  are  sufficiently  accurate  to  use 
when  neoessary. 

No  great  attempt  has  been  made  to  attain  the  maximum 
possible  accuracy  in  evaluating  forces.  There  are  several 
reasons  -his  attempt  was  not  made* 

1.  Choioe  among  barricade.-  will  in  general  depend  upon 
major  rather  than  minor  dlffersnoes. 

2.  Actual  force  distributions  depend  greatly  upon  the 
stretch  which  occurs  in  the  elements  of  the  barricade 
as  these  elements  are  placed  under  tension. 

3o  The  purpose  of  these  observations  is  mainly  to  illustrate 
what  can  be  done  toward  evaluating  certain  characteristics 
of  a particular  barricade,  and  to  indicate  the  more  general 
features  of  force  distribution. 

U«nn  it  HraI  mil  tn  ttnfiv  r»*r*o  Ciil  1 ~t  the  HahallaH  f>Viar!anr»r>1  M 

of  a certain  type  of  barrioade,  the  method  could  easily  be 
improvod  in  aecuraoy,  the  model  modified  to  allow  simulation 
of  other  types  of  leadings,  and  the  barricade  material  and  the 
tension  in  the  purchase  cable  chosen  to  simulate  closely  the 
stretching  of  the  actual  barricade. 

A number  of  barricades  have  been  studied,  at  various 
runouts,  for  center  and  for  off-center  landings,  and  for  the 
arresting  engine  either  singly  or  doubly  reeved.  While  most 
of  the  studies  have  been  with  conventional  straight-wing  planes, 
a number  have  been  with  planes  having  wings  swept  back  q.p°  or  60°. 


More  than  $00  photographs  have  been  taken.  Many  of  these  are 
included  ir>  this  report.  Several  barricades  have  been  studied 
even  though  it  was  recognised  in  advance  that  they  were  of  poor 
design.  Information  on  them  was  deal  red  for  the  purpose  of 
comparison*  and  in  soms  instances  the  information  is  included 
in  '/his  report. 

The  remainder  of  this  section  will  present  information 
obtained  on  different  types  of  barrioades  whon  engaging  the 
wings  of  a conventional  straight- wing  plane.  (Data  having  to 
do  with  planes  having  aweptbeok  wings  will  be  presented  in  a 
later  section.)  In  connection  with  each  type  of  barricade 
there  will  be  included: 

1.  A diagram  illustrating  the  structure  of  the  barricade. 

2.  A aeries  of  photographs  illustrating  the  behavior  of  the 
barricade*  visually  for  various  runouts*  usually  for  both 
center  and  off-oenter  landings*  and  occasionally  for  a 
doubly  reeved  as  well  as  a singly  reeved  arresting  engine. 

3.  Tables  showing  the  distribution  of  forces  in  the  vertical 
elements  of  the  barricade*  and  giving  information  as  to 
the  maximum  force  in  any  vertical  element*  the  most 
objectionable  angle  at  which  any  vertical  element  pulls 
against  the  leading  edge  of  the  wing*  the  component  of 
force  with  which  the  barricade  pulls  the  plane  toward 
the  center  line  of  the  deck,  and  the  torque  exerted  on 
the  plane. 

Many  comparisons  will  be  made  and  some  conclusions  drawn  as  first 
one  and  then  another  barricade  is  discussed.  Conclusions  of  a 
more  general  character  will  be  reserved  for  a separate  section 
at  the  end  of  the  report. 

In  discussing  the  several  barricades*  and  in  formulating 
the  tabular  data  on  each,  the  following  meanings  and  conventions 
are  attached  to  the  symbols  used. 

Bach  photograph  has  assigned  to  it  a number*  as  for  example* 
"Photo  No.  76." 

A number  is  assigned  s&ch  barricade*  as  for  example*  "Barricade 
No.  10." 

S or  D following  the  number  of  a barricade  indicates, 
respectively,  that  the  barricade  is  attached  to  a singly 
reeved  or  a doubly  reeved  engine. 

T represents  the  tension  in  the  purchase  cable  when  the 
arresting  engine  in  singly  reeved.  For  a aoubly  reeved 
engine  T is  one -half  the  sum  of  the  tensions  in  the  port 
and  starboard  purohase  cables. 

R represents  the  runout*  always  in  feet.  It  Is  the  distance 
the  purchase  cable  ha3  been  pulled  out,  not  the  distance  the 
plane  has  moved  after  engaging  the  barricade o For  an  off- 
center  landing  with  a singly  reeved  arresting  engine  the 
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runout  on  the  port  side  and  that  on  the  starboard  side  are 
usually  unequal.  In  such  instances  both  runouts  are  givon, 
the  port  side  runout  first.  A runout  R of  45-4.0  weans  that 
the  purchase  cable  has  been  pulled  out  45  feet  on  the  port 
side  and  40  foot  on  the  starboard  side. 

F,,  p_  » - - - F represent  respectively  the  forcea  in 
tm  10  vertical  elements  of  the  barricade  engaged  with  the 
plane,  starting  always  from  the  port  side.  All  forces  are 
specified  relative  to  the  tension  T.  For  example,  F-»/T  * 

0»20  means  that  the  tension  in  the  third  vertical  element 
from  the  port  side  engaged  with  the  £lane,  is  0.20  tlmaa  the 
tension  provided  in  the  purchase  cable  by  a singly  reeved, 
arresting  engine. 

& represents  the  an  lie  between  the  force  with  which  a vertical 
element  pulls  on  the  leading  edge  of  the  wing  and  g.  horizontal 
line  drawn  perpendioul&r  to  the  leading  edge. 

Fc  represents  the  component  of  force  with  which  the  barricade 
pulls  on  the  plane  in  a direction  perpendicular  to  the  oenter 
line  of  the  deok.  A positive  value  indicates  that  this 
component  of  force  is  directed  toward  the  center  line;  a 
negative  value  Indicates  that  it  is  directed  away  from  the 
center  line. 

The  torque  tending  to  rotate  the  plane  about  an  axis 
perpendicular  to  the  deck  and  passing  through  the  center 
of  gravity  of  the  plane  is  taken  as  positive  when  this  torque 
is  in  such  a direction  as  to  turn  the  nose  of  the  plane  toward 
the  oenter  line  of  the  deck,  and  negative  when  it  tends  to 
turn  the  nose  away  from  the  oenter  line.  Torque/T  is  always 
expressed  in  feet.  Its  numerical  value  represents  the  length 
of  the  lever  am  required  if  a force  T is  to  produce  this 
torque.  In  evaluating  this  torque  it  has  been  assumed 
(consistent  with  accepted  methods  of  estimating)  that  for  a 
straight-wing  plane  the  center  of  gravity  is  located  in  the 
vertical  plane  in  which  the  axis  of  the  fuselage  lies,  and 
2.5  feet  behind  the  leading  edge  of  the  wing.  It  has  bean 
assumed  that  for  a plane  with  wings  swept  back  45%  the 
center  of  gravity  is  12.5  feet  behind  the  intersection  of 
the  projections  of  th~  leading  edges  of  the  wings.  It  has 
been  assumed  that  for  a plane  with  wings  swept  back  60% 
the  oenter  of  gravity  is  21  feet  behind  the  intersection  of 
the  prcjsctions  of  the  leading  edges  of  the  wings. 
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Barricade  No » 1 

Consider  the  very  simple  type  of  barricade  shown  on  page  12. 

In  the  mounted  position  the  bounding  olements  of  the  barricade 
constitute  a rectangle  (neglecting  sag)  100  feet  long  and  12  feet 
high.  Vertical  elc-ents  are  arranged  4 feet  apart,  their  ends 
being  fastened  tv  the  horizontal  elements  at  the  points  of 
attachment.  When  the  barricade  folds  over  the  plane  it  will 
assume  a length  of  112  feet  from  the  point  of  attachment  to  the 
port  purchase  cable  to  the  point  of  attachment  to  the  starboard 
pur  ch  as  e cab le  * 

Die  photographs  on  page  13  illustrate  the  behavior  of  this 
barricade.  Photo  No,  lj.  is  for  a center  landing  and  a runout  of 
50  feet,  the  arresting  engine  being  either  singly  or  doubly  reevedo 
Photo  No.  15  is  for  a 16-foot  off -center  landing,  a runout  of 
50  feet  on  the  port  side  and  30  feet  on  the  starboard  side,  the 
arresting  engine  being  singly  reeved.  Photo  No.  10  is  for  a 
16- foot  off-center  landing  ana  a runout  of  45  feet  on  eaoh  3ide, 
the  arresting  engine  being  doubly  reeved. 

Data  showing  the  behavior  of  this  barricade  are  collected  in 
the  tables  on  pages  14.-16 . A3  could  have  been  foreseen,  even  for 
a center  landing  (page  14)  it  is  only  the  outer  two  elements 
that  assume  any  appreciable  fraction  of  the  retarding  force. 

This  ia  true  for  all  runouts.  For  large  runouts  the  force  in 
either  outer  element  becomes  essentially  equal  to  the  tension 
in  the  purchase  cable.  ?4uch  the  same  remarks  can  be  made  for 
a 16- foot  off-center  landing  when  the  arresting  engine  is 
singly  reeved  (page  l5). 

For  a 16-foot  off-center  landing  with  the  arresting  engine 
doubly  reeved  (page  16),  the  situation  becomes  extremely 
aggravated  in  several  respects.  For  other  than  very  small 
runouts,  only  the  one  vertical  element  farthest  off  center 
experiences  any  tsnsion;  the  tension  in  this  element  reaches 
the  maximum  possible,  2T.  There  exists  a considerable  component 
of  force  pulling  the  plane  away  from  the  center  line.  There 
also  exists  an  extremely  large  torque  (-36  T)  turning  the  plane 
away  from  the  oenter  line.  The  maximum  possible  torque  is 
36*4  T for  a plane  and  barrlor.de  of  the  dimensions  being 
considered. 
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Plane  Wings  Straight 

Singly  Reeved 
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Barricade  of  20-lb.  Nylon 
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Barricade  No.  1 D 

Plane  Wings  Straight 

jJoubly  Reeved 
16-ft.  Off-center  Landing 
Barricade  of  20-lb.  Nylon 
T = 2000  grama 
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Barricade  No*  2A 


There  would  be  many  advantages  to  a barricade,  say  of  10 
vertical  olements,  in  which  the  forces  in  all  vertical  elements 
Wei's  equal  and  in  which  all  of  these  forces  were  parallel,  each 
pulling  direotly  backward  on  the  plane*  Such  a barricade  can  be 
designed  for  a specified  center  or  off-center  landing  and  a 
specified  runout.  The  design  has  been  calculated  for  a center 
landing]  the  design  is  a function  of  the  runout*  The  figures 
and  tables  on  pag6  18  give  the  results  for  a number  of  different 
runouts*  Although  in  all  other  instances  throughout  this  report 
barricade  dimensions  are  given  for  elements  in  the  unstretohed 
condition,  in  these  tables  and  the  diagram  which  follows  then 
the  dimensions  given  are  for  the  elements  stretched  as  they  are 
in  operation* 

The  design  utilizes  vertioal  elements  the  length  of  ldiioh 
i 3 a function  of  the  distance  of  the  element  from  the  center  of 
the  barricade.  Although  the  barricade  would  be  mounted  in  such 
a manner  that  the  vertical  elements  engage  the  wing  of  the  plane 
4 feet  apart,  the  distance  between  points  of  attachment  of  two 
successive  elements  to  the  longitudinal  members  is  also  a 
function  of  the  distance  from  the  center  of  the  barricade* 

These  functional  relating  can  be  expressed  either  graphically 
or  analytically*  They  can  then  be  used  to  obtain  the  design 
characteristics  for  any  runout  desired. 

Barricade  No,  2A,  illustrated  on  page  19,  was  designed  to 
equalize  forces  in  the  vertical  elements  and  make  them  parallel 
for  a runout  of  4°  feet.  Behavior  of  the  barricade  for  different 
runouts  is  shown  by  the  series  of  photographs  on  page  20* 
Quantitative  data  are  shown  in  the  table  on  page  21*  Note  the 
equality  of  foroes  for  a runout  of  40  feet,  one  of  the  conditions 
whioh  dictated  the  design*  Note  also  from  Photo  No.  233#  page  20, 
that  the  fore  « are  essentially  paral  ® no r c condition 

which  dictated  the  design.  Note  also  (from  the  table)  that  the 
maximum  F/T  in  any  vertioal  element  for  any  runout  is  only  0*37, 
a highly  satisfactory  value* 

Attempts  to  extend  this  barricade  for  an  off-center  landing 
have  led  to  no  satisfactory  design*  The  vertioal  element# 
become  unduly  long,  and  the  best  position  to  attach  the  vertical 
element  soon  falls  beyond  the  end  of  the  barricade*  In  spite 
of  having  soma  very  favorable  characteristics,  this  design  does 
not  appear  promising. 
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Barricade  No.  2A  S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 
Barricade  of  20-lb*  Nylon 
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Barricade  No.  2 


By  giving  up  one  feature  of  Barricade  No.  2A*  that  of 
parallel  forces  pulling  directly  backward  on  the  plane,  cna 
can  avoid  the  use  of  exceptionally  long  vertical  elements  and 
apacings  between  successive  points  of  attachment  so  great  as  to 
be  objectionable.  Barricade  No.  2 was  therefore  constructed 
with  unequal  length  vertical  elements  attached  at  equal  4“*‘oot 
intervals.  It  is  possible  to  adjust  the  lengths  of  the  vertical 
elements  so  the  forces  these  elements  exert  are  equal,  though 
not  parallel,  for  any  desired  runout.  The  design  leading  to 
equal  forces  for  a center  landing  and  a runout  of  l\.0  feet  was 
determined  by  trial.  The  design  dimensions  are  shown  in  the 
diagram  on  page  23* 

The  behavior  of  this  barricade  for  a center  landing  is 
shown  by  the  series  of  photographs  on  page  2 4*  and  by  the  data 
on  page  26.  Note  the  approximate  equality  of  forces  for  a 
runout  of  40  feet.  Note  also  that  the  maximum  value  of  F/T 
is  0.36,  a highly  satisfactory  value. 

One  would  suspeot  that  it  would  be  impossible  to  add 
elements  to  accommodate  a 16-foot  off-centsr  landing  and  still 
maintain  equal  forces.  The  lack  of  success  is  shown  by  the 
series  of  photographs  on  page  2 5 and  the  data  on  page  27 • Hie 
barricade  is  entirely  unsatisfactory  for  an  off-center  landing. 

The  prinoipal  reason  for  studying  this  barricade  was  the 
hope  that  a compromise  between  it  and  a good  off-center  design 
might  yield  a barricade  reasonably  satisfactory  for  either  a 
center  or  an  off-center  landing.  Barricades  Nos.  3»  4#  5»  6 
and  7 were  combinations  which  analyses  showed  to  be  unsatis- 
factory. They  are  not  described  here.  Barricade  No.  8;  which 
does  offer  30ms  promise  of  satisfactory  combination  with  No.  2, 
will  be  described. 
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2b 

Barricade  No.  2 S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 
Barricade  of  20-lb.  Nylon 
T * 2000  grama 
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F^/T  at  80-f oot  runout  = 0 
Torqu»/T  at  kO-foot  runout  » 0 
Torquo/T  at  80-foot  runout  « 0 
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Barricade  No.  2 S 
Plane  Wings  Straight 

Singly  Reeved 
16-ft.  Off-center  Landing 
Barricade  of  20-lb.  Nylon 
T = 2000  grams 


R 

0-0 

6-7 

17-18 

26-26 

4.O-4.O 

55-54 

71-69 

86-83 

Photo  No. 

29 

30 

31 

32 

33 

34 

35 

36 

Fl/T 

0 

0 

0 

0 

.10 

.16 

.21 

.23 

f2/t 

0 

0 

0 

.02 

.05 

.09 

.09 

.12 

f3/t 

0 

0 

0 

.02 

.04 

.04 

.05 

.05 

vt 

0 

0 

0 

• 

0 

vn 

.05 

.06 

.05 

.05 

Pj/T 

0 

0 

oOl 

.03 

.02 

.03 

.03 

.02 

p6/t 

0 

.03 

.20 

-1  O 
• XU 

.17 

.14 

.14 

.13 

p?/t 

.05 

.19 

.20 

.18 

.16 

.14 

.14 

.12 

Pq/T 

.24 

.23 

.20 

.19 

.16 

.15 

.14 

.13 

*30 

.27 

.24 

.22 

.20 

.16 

.18 

.16 

P10/T 

.56 

.65 

.69 

.77 

.80 

084 

.90 

.90 

Max.  p 

4° 

2° 

5° 

6° 

170 

18  0 

18  0 

19° 

Element 

#10 

#7 

#6 

#6 

#1 

#1 

#1 

#1 

Maximum  F/T  at  any  runout  =0.90 
Ma7;imum  angLe  0 at  any  runout  = 19° 
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Barricade  No *8 
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Barricade  Noe  8 was  designed  by  trial  to  give  equal  forces 
In  the  vertical  elements  for  a 16-foot  off-center  landing  and 
a runout  of  i^O  feet.  The  design  is  shown  on  page  29.  'Edo 
vertical  element  on  either  side  of  center  must  be  double  in 
order  to  provide  equally  well  for  a 16-foot  off-center  landing 
to  the  port  or  starboard  aide.  The  series  of  photographs  on 
page  30  and  the  table  on  page  31  show  that  the  barricade  is 
quite  satisfactory  for  a 16-foot  cff-canter  landing.  No 
observations  were  made  for  a center  landing;  it  is  obvious 
that  the  behavior  would  have  been  poor. 

It  is  possible  that  a satisfac tcry  barricade  having  double 
or  even  triple  vertical  elements  could  be  designed.  If  double 
elements  were  used,  one  set  might  be  proper  for  a oenter  landing 
and  the  other  set  proper  for  a 16-foot  off-center  landing.  As 
individual  elements  not  designed  for  a particular  landing  accept 
too  large  a tension,  they  fail,  leaving  still  operative  the 
elements  designed  for  this  landing.  Since  Barricade  No.  2 
was  highly  satisfactory  for  a center  landing  and  No.  8 quite 
satisfactory  for  a 16- root  off-center  landing,  there  1s  some 
hope  that  a double  barricade  of  the  two  would  be  satisfactory 
for  either  landing.  It  is  this  combination  that  Is  represented 
by  Barricade  No.  9. 
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Barricade  No.  8 3 
Plane  Wings  Straight 

Singly  Reeved 
16-ft.  Off-center  Landing 
Barricade  of  20-lb.  Nylon 
T * 2000  grama 
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Barricade  No*  9 


Barricade  No.  9 consists  in  gsnaral  of  double  vertical 
elements,  as  shown  in  the  diagram  on  page  33*  One  set 
corresponds  to  the  elements  of  No.  2,  correct  for  a center 
landing  and  a runout  of  J4.O  feet.  The  other  set  corresponds 
to  the  elements  of  No.  5,  correct  for  a 16-foot  off-center 
landing  and  a runout  of  IjX)  feet.  The  element  on  either  side 
of  center  is  triple;  it  was  double  in  No.  8.  The  four  elements 
shown  on  the  left  are  single;  these  are  never  engaged  in  a 
center  landing. 

The  series  of  photographs  on  page  34  the  table  on 
page  38  show  the  behavior  of  this  barrioade  for  a oenter  landing. 
The  photographs  are  so  chosen  as  to  show  that  those  vertical 
elements  not  appropriate  for  a center  landing  break  at  very 
small  runouts.  It  can  be  seen  from  the  table  on  page  26  that 
no  vertical  clement  designed  for  a center  landing  need  ever  be 
subjected  to  a force  greater  than  that  corresponding  to  F/T  » 
0.36.  Similarly,  from  the  table  on  page  31.  no  element  designed 
for  a 16- foot  off-center  landing  need  ever  be  subjected  to  a 
forca  greater  than  that  corresponding  to  P/T  ■0.38*  It  was 
therefore  assumed  arbitrarily  that  an  element  fails  when  the 
force  in  it  reaches  a value  corresponding  to  F/T  * O.l^O.  The 
element  was  cut  to  simulate  breaking.  By  comparing  Photo.  Noe. 
209  and  213  on  page  34#  it  is  seen  that  all  elements  which  over 
fail  ao  so  before  the  runout  has  exceeded  one  foot.  The  table 
or  ***ge  36  shows  that  after  these  elements  fail  the  barricade 
behaves  quite  satisfactorily  for  a oenter  landing* 

Although  no  series  of  photographs  is  reproduced  for  a 
16-foot  off-center  landing,  the  table  on  page  38  shows  that  the 
three  elements  which  do  break  fail  at  very  small  runoufcso  After 
these  failures  the  barrioade  is  quite  satisfactory  for  a 16-foot 
off-center  landing. 

The  question  of  how  good  or  how  poor  this  oarricade  would 
bo  for  an  8-foot  off-center  landing  is  answered  by  Photo  No.  216 
on  page  35  and  the  table  on  page  37 • The  behavior  is  certainly 
not  good;  those  vertical  elements  farthest  from  center  take  an 
undue  share  of  the  load.  The  series  of  photographs  on  page  35# 
all  for  a l^Q^foot  runout,  shews  the  relative  behavior  of  this 
barrioade  for  a oenter  landing,  an  8- foot  off- cents r landing 
and  a 16-foot  off-center  landing o 

It  appears  probable  that  a reasonably  satisfactory  distri- 
bution of  forces  oould  be  obtained  for  any  off-center  landing 
up  to  24  feet  if  one  were  willing  to  construct  a triple  element 
barricade. 


Barricade  No.  9 S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Canter  Landing 
Barricade  of  20-lb.  Nylon 
T * 2000  grains 
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Barricede  No.  9 S 


Plane  Wings  Straight 

Singly  Reeved 
8-f  t.  Qff-eenter  Landing 
Barricade  of  20-lb.  Nylon 
T = 2000  grams 


R 

24-16 

45-35 

71-59 

86-74 

Photo  No. 

215 

216 

217 

218 

Fx/T 

.31 

•45 

.53 

.57 

P^T 

.25 

.26 

.24 

.25 

Po/T 

j 

.18 

.15 

.13 

.13 

VT 

•06 

o05 

.04 

.03 

P^/T 

0 

0 

0 

0 

VT 

0 

0 

0 

0 

P?/T 

.02 

.02 

.02 

.02 

Pq/'T 

.15 

.11 

.10 

.10 

VT 

.24 

.23 

.22 

.23 

pio/'T 

.30 

.46 

.60 

.65 

Max.  ^ 

10® 

9° 

90 

8® 

Element 

#? 

#9 

#9 

#9 

Maximum  P/T  at  any  runout  • 0*65 
Maximum  angle  0 at  any  runout  - 10s 
?0/I  at  40- foot  runout  * -0.  34 
Pe/?  at  80-foot  runout  * -0*11 
Torque/T  at  4°-^oot  runout  ■ -0*4  ft. 
Torque/T  at  80-foot  ninout  » 0.3  ft. 


33 


Barricade  No.  9 3 
Plana  Wings  Straight 

Singly  Re e vs d 
16-ft.  Off-center  Landing 
Barricade  of  20-lb s Nylon 
T *»  2000  gram* 
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Barricade  No.  10 


1 he  next  barricade  studied.  No*  10,  was  of  a design 
essentially  the  same  as  the  barricade  now  in  use  on  carriers* 

Its  basic  construction  is  shown  by  the  diagram  on  page  l±l» 

There  are  five  independent  longitudinal  elements « The  vertioal 
elements  are  free  to  »lide  along  the  longitudinal  elements,  each 
fifth  vertical  element  being  attached  to  the  same  pair  of 
longitudinal  elements* 

The  behavior  of  this  barricade  for  a center  landing,  a 
16-foot  off-center  landing  and  a 24-foot  off-center  landing, 
always  with  the  arresting  engine  singly  reeved,  is  illustrated 
by  the  series  of  photographs  on  pages  42,  43  and  44°  The 
photographs  on  page  45  illustrate  comparative  behavior  for 
a center  landing,  an  8-foot  off-center  landing,  a l6-foot  off- 
center  landing  and  a 24-foot  off-center  landing.  Numerical 
data  relative  to  this  barricade,  attached  to  a singly  reeved 
arresting  engine,  are  given  in  the  tables  on  pages  4?“50s 

The  series  of  photographs  on  page  4&  illustrates  the 
behavior  of  this  barricade  for  a 16- foot  off-center  landing 
when  the  barricade  is  attached  to  a doubly  reeved  arresting 
engine*  Similar  photographs  have  been  taken  for  a 24-foot 
off-center-  landing,  again  with  the  arresting  engine  doubly 
reeved*  Data  for  the  barricade  when  attached  to  a doubly 
reeved  arresting  ei^gine  are  shown  in  the  table  s on  pages 
and  52* 

The  following  comments  are  offered: 

1*  For  a center  landing  the  distribution  of  forces  among 
the  vertical  elements  is  highly  satisfactory,  and  the 
maximum  p/T  in  any  element  is  0*30  (page  47)»  This 
maximum  p/T  is  slightly  less  than  that  for  Barricade 
No.  9 for  a center  1.  ndingo  For  Barricade  No.  9 the 
maximum  p/T  was  0*34  (page  36)* 

2*  The  angle  the  angle  between  the  force  in  a vertical 
element  and  a line  drawn  backward  and  perpendicular  to 
the  leading  edge  of  the  wing,  is  often  rather  large,  even 
for  a center  landing.  It  reaches  a maximum  of  37®  (page 
47)*  This  introduces  considerable  tendency  for  the 
vertioal  element  to  slip  along  the  leading  edge  of  the 
wing,  thus  inviting  damage  to  both  the  element  and  the 
plane*  In  this  respect  Barricade  No.  10  is  considerably 
less  satisfactory  than  No.  9#  for  which  the  maximum  angle 
& was  11®  (page  38) • 

3.  For  a i-6-foot  off-center  lending  the  forces  are  still 
distributed  reasonably  well,  though  by  no  means  as 
satisfactorily  as  for  a center  landing.  In  this  instance 
those  elements  farthest  from  the  center  of  the  landing 
deck  suffer  much  the  greater  tensions  (page  49).  The 
maximum  F/t  is  0o4?,  who i-e as  for  & center  landing  it 
was  0„30.  This  maximum  of  0*47  for  Barricade  No.  10 
is  larger  than  the  value  0.40  for  a 16-foot  off-center 
landing  Kith  Barricade  So.  9 (page  38). 


if.  For  a 16-foot  off-center  landing  tne  angle  $ is  somewhat 
higner  thsji  for  a center  lending.  The  largest  $ for  a 
16-foot  off-center  landing  is  4.O0  (page  if9)»  whereas  for 
a center  landing  it  was  37°  (page  if 7 ) • 

5.  It  is  worth  pointing  out  that  although  the  component  of 
force  exerted  perpendicular  to  the  center  line  of  the  deck 
is  fortunately  directed  toward  the  center  line,  unfortu- 
nately the  reasonably  large  torque  on  the  olane  is  in 
such  a direction  as  to  turn  ths  plane  away  from  the  center 
line.  With  regard  to  both  the  magnitude  and  the  direction 
of  the  torque  exerted  on  the  piano  for  a 16-foot  off- cancer 
landing.  Barricade  No.  9 (page  3$),  is  decidedly  superior 
to  Barricade  No.  10. 

6.  As  shown  in  the  table  on  page  50,  both  the  maximum  F/T 
(0.57)  and  the  maximum  angle  0 (4if°)  become  less  satis- 
factory for  a 24“foot  off-center  landing.  The  torque  for 
a 2lf-foot  off-center  landing  is  again  relatively  large 
and  in  the  wrong  direction,  though  not  appreciably  more 
objectionable  than  for  a lb-foot  off-center  landings 

7.  By  comparing  the  series  of  photographs  on  page  Jj.6  with 
that  on  page  lf3»  both  for  a 16- foot  off-oenter  landing, 
it  is  apparent  that  the  behavior  of  Barricade  No.  10 
depends  little  upon  whether  it  is  attached  to  a doubly 
reeved  or  a singly  reeved  engine.  Ths  independence  of 
the  reeving  is  made  all  the  more  clear  by  comparing  the 
data  in  the  tables  on  pages  ij.9  and  5l,  both  for  a 
16-foot  off-center  landing,  and  by  comparing  the  data 
in  the  tables  on  pages  50  and  52,  both  for  a 21^- foot 
off-oenter  landing.  The  group  has  been  told  that  the 
barricade  in  use  (essentially  No.  10)  operates  much  more 
satisfactorily  when  attached  to  a singly  reeved  engine 
than  When  connected  to  a doubly  reeved  engine.  The  data 
presented  here  would  not  indicate  that  such  should  be 

the  caee.  It  is  true  that  when  the  barricade  is  connected 
to  a doubly  reeved  engine  the  rings  at  the  ends  of  the 
vertical  elements  have  to  slide  farther  along  the 
longitudinal  elements  than  they  do  when  a singly  reeved 
engine  is  used.  Presumably,  however,  the  sliding  is 
relatively  free.  If  it  is  true  that  the  barricade  is 
muoh  less  satisfactory  when  connected  to  a doubly  reeved 
arresting  engine,  the  observation  may  xnuxoduu  wxi&w 
sliding  along  the  longitudinal  elements  is  not  as  free 
as  supposed.  If  tile  sliding  is  restricted  the  behavior 
of  the  barricade  suffers  also,  though  to  a leaser  extent, 
when  connected  to  a singly  reeved  engine.  Even  when 
singly  reeved  there  must  be  considerable  sliding  of  the 
rings  for  the  most  effective  operation. 
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Barricade  No.  10  S (or  0) 

Plane  Wings  Straight 

Singly  P.eeved  (or  Doubly  Reeved) 

Center  Landing 
Barricade  of  20- lb  . Nylon 
T » 2000  grama 


R 

1 

10 

20 

30 

40 

50 

65 

80 

Photo  No. 

68 

69 

?0 

71 

72 

73 

74 

75 

VT 

.10 

.16 

.19 

.23 

.25 

.26 

.27 

.29 

Pj/T 

.11 

.14 

.17 

.18 

.21 

.20 

.23 

.24 

?3/t 

•08 

.12 

.12 

.13 

• 14 

-14 

.16 

.15 

VT 

.09 

.12 

.14 

.15 

.17 

.18 

.19 

.19 

Pj/T 

.08 

.13 

.14 

.18 

.20 

.20 

.22 

.23 

P6/I 

.07 

.11 

•14 

.15 

.18 

.18 

.19 

AA 

P^/T 

.09 

.12 

.13 

.15 

.16 

.17 

.19 

.19 

p8/t 

.08 

.13 

.12 

.13 

.14 

.14 

.16 

.15 

P</T 

oil 

.14 

.17 

.18 

. 

.21 

.23 

.24 

VT 

.12 

.18 

.22 

.26 

.28 

.27 

.29 

.30 

Max. 

22® 

25° 

26° 

27* 

34° 

37° 

37° 

36® 

Element 

#1 

#1 

#1 

#1 

#5 

#1 

n 

#1 

Maximum  P/?  at  any  runout  * 0.30 
Maximum  angle  0 at  any  runout  * 37® 
P^/T  at  4.0- foot  runout  *•  0 
p^/T  at  80- foot  runout  * 0 
Torque/T  at  qO-foot  runout  * 0 
Torque/T  at  80- foot  runout  * 0 


Barrio ads  No.  10  S 

Plan®  Wings  Straight 

Singly  Reeved 
8-ft.  Off-center  Landing 
Barricade  of  20 -lb.  Nylon 
T * 2000  grama 


R 

43-3? 

phft  %n  Wq  . 

113 

pxA 

.25 

V* 

.24 

?3/t 

.17 

V1 

.17 

Fj/T 

.17 

VT 

.16 

p7/t 

.17 

VT 

.15 

P,/* 

.19 

PW/T 

.20 

Max. 

35° 

Element 

#1 

Maximum  F/T  at  l+Q-?cot  runout  = 0.25 
Maximum  angle  0 at  40-fcct  runout  * 35° 
F0/T  at  ^0-foot  runout  * 0.12 
Torque/T  at  id)-foot  runout  « 0.9  ft. 


Biri'iuade  No.  10  S 


Plans  Wings  Straight 

Singly  heaved 
16-ft.  Off-center  Landing 
Barricade  of  20 -lb.  Nylon 
T « 2000  grains 


R 

1-17 

9-21 

17-27 

26-34 

37-43 

48-52 

61i-66 

a * r*  — 

GV-OU 

Photo  No. 

80 

81 

82 

33 

84 

85 

86 

87 

Fj/T 

•41 

•43 

.46 

•47 

•47 

*46 

.45 

( r* 

Fg/T 

.30 

.31 

• 32 

.34 

.32 

.32 

.31 

.32 

FyT 

.17 

.17 

.14 

.16 

.16 

.16 

.19 

.20 

VT 

.07 

.08 

.09 

.11 

.12 

.13 

.16 

.13 

P5/T 

0 

.01 

.02 

.04 

.06 

.09 

.12 

.14 

F&/T 

.17 

.20 

.22 

.24 

.24 

.25 

.26 

.27 

p7/t 

.13 

.16 

.18 

.20 

.20 

.21 

.22 

.24 

Pq/T 

.10 

.12 

.11 

.12 

.12 

.13 

.15 

.16 

p9/t 

.05 

.07 

.07 

.09 

.10 

.12 

.14 

.16 

pio/T 

0 

.01 

.0? 

.Ok 

.06 

.09 

.13 

• 16 

Max.  £ 

36° 

34° 

35° 

35° 

330 

37° 

37° 

400 

Element 

#1 

#1 

#1 

#1 

#1 

#4 

#1 

#4 

Maximum  P/T 

at  any 

runout 

* 0.47 

Maximum  angle  at  any  runout  ■ 4.0° 
Fy'T  at  40"'f°°t  runout  * 0.32 
Pq/T  at  80- foot  runout  * 0*70 
Torque/T  at  l|0-foot  runout  •*  -7.3  ft. 
Torque/T  at  00-foot  runout  » -5*4  ft. 


Barricade  No.  10  3 

Plane  Wing 3 Straight 

Singly  Reeved 
24-ft.  Off-center  Landing 
Barricade  of  20-lb.  Nylon 
T = 2000  grama 


R 

15-25 

40-40 

68—62 

85-75 

Photo  No. 

105 

106 

107 

108 

Fx/T 

.57 

.51 

.50 

.48 

Pg/T 

• 35 

.36 

o37 

.35 

p3/t 

.17 

.18 

.22 

.20 

VT 

.06 

.0? 

.13 

.15 

F5/T 

.00 

.01 

.10 

.11 

VT 

.22 

.26 

-32 

.30 

f7/t 

.17 

.20 

.22 

.23 

VT 

.09 

.11 

.16 

.16 

p9/t 

•04 

.06 

.10 

.13 

iVT 

.00 

.01 

.09 

.11 

Max. 

3a* 

38° 

44° 

Element 

#1 

#1 

#1 

#1 

Maximum  ?/T  at  any  runout  * 0.57 
Maximum  angle  {/at  any  runout  * I4-I4.0 
Fft/T  at  40* foot  runout  * 0*42 
Fo/T  at  80- foot  mnout  * 0.34 
Torque /T  at  40-Toot  runout  * -8.6  ft. 
Torque/T  at  80-foot  runout  * -5.1  ft# 
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Barricade  No*  10  D 
Plane  Wings  Straight 

Doubly  Reeved 

16-ft.  Off-center  Landing 

Barricade  of  20-lb.  Nylon 

m oA /\  r\  ~ — — 

x “ gveuiio 


R 

1 

10 

20 

30 

40 

50 

65 

80 

Photo  wo. 

88 

89 

90 

91 

93 

94 

95 

96 

?l/T 

.27 

•42 

.50 

.50 

.50 

.46 

.45 

•45 

VT 

.23 

.28 

•34 

.35 

.35 

.33 

.32 

.32 

f3/t 

.13 

.15 

.16 

.17 

.19 

.19 

.18 

.19 

VT 

.08 

.09 

.11 

.13 

.14 

.15 

.16 

.17 

F5/T 

.03 

.02 

.04 

.06 

.08 

.10 

.12 

.14 

VT 

,10 

.16 

.22 

.25 

.27 

.26 

.26 

.26 

VT 

.10 

.15 

.19 

.21 

.21 

.22 

.22 

.22 

Fq/t 

.07 

.08 

.10 

.12 

.14 

.34 

.14 

.14 

f9/t 

.06 

.06 

.08 

.10 

.12 

.14 

.15 

.16 

F10/T 

.02 

.02 

.04 

.06 

.08 

.10 

.12 

•14 

Max.  0 

29° 

28° 

30° 

32° 

42° 

35° 

39c 

38  Q 

Element 

#1 

#1 

in 

#1 

#1 

#1 

#1 

#1 

Ha_x.im.UEi  F/T  at  any  runout  * 0.50 
Maximum  angle  at  any  runout  = 42° 
F0/T  at  ijO-foot  runout  *»  G.4l 
F^T  at  80-foot  runout  = 0*14 
Torque/T  at  runout  * -6.3  ft. 

Toi'que/T  at  80-foot  runout  * -6*4  ft. 


Barricade  No.  10  D 
Plane  Wings  Straight 


Doubly  Reeved 
24-ft.  Off-canter  Landing 
Barricade  of  20 -lb.  Nylon 
T **  2000  gra jua 


R 

20 

40 

65 

80 

Photo  No. 

109 

no 

111 

112 

VT 

.50 

• 56 

.50 

.49 

VT 

.3? 

.41 

*39 

CO 

. 

f3/t 

.13 

.20 

.23 

.22 

VT 

.02 

.09 

.13 

.16 

F5/T 

.00 

.02 

.08 

.11 

VT 

.20 

.28 

.29 

.30 

F?/T 

.15 

.23 

.27 

.28 

VT 

.07 

.13 

.15 

.16 

*V  I 

.01 

.06 

*11 

.13 

F10/*' 

nA 
• vV 

*0  2 

.05 

,r. 

Max.  0 

35  s 

30  0 

42° 

44° 

Element 

#1 

#1 

#1 

#1 

Maximum  F/T  at  any  runout  * 0.56 

Maximum  angle  0 at  any  runout  * 44 = 

F0/T  at  4.0- foot  runout  a 0.50 

F/T  at  80-foot  runout  » 0*37 
c 

Torque /T  at  4.0-foot  runout  ■ -9.2  ft. 
Torque/T'  at  80-foot  runout  * -5.6  ft. 


Barricade  No*  11 


Lengthening  of  successive  vertical  elements  of  Barrloade  . 
No.  10  as  one  proceeds  from  the  center  toward  either  3ide, 

\fould  result  in  a barricade  improved  in  the  following  respects* 

1*  Even  for  a center  landing  the  forces  in  the  several 
vertical  elements  would  be  more  nearly  equal. 

2.  For  an  off-center  landing  the  forces  in  those  element* 
farthest  from  the  center  line  of  the  deck  would  be 
reduced  materially.  This  improvement  would  be  highly 
desirable.  * 

3 • The  torque  exerted  in  an  off-center  landing  would  be 
reduced  greatly,  or  even  reversed  in  direction.  Thie 
would  also  represent  a desirable  improvement. 

Barricade  No.  11  was  designed  with  these  improvements  in 
mind.  The  structure  of  the  barricade  is  shown  on  page  55» 

The  only  difference  between  thie  barricade  and  No.  10  ia  in 
the  lengths  of  the  vertical  elements.  Whereas  in  No.  10  all 
elements  were  of  equal  length,  in  No.  11  the  length  increases 
(except  for  those  elements  near  center)  as  the  distance  from 
the  center  to  the  element  becomes  greater.  The  outermost 
element  shown,  which  is  necessary  for  a 24-foot  off-center 
engagement,  is  24  feet  long  in  Barricade  No.  11  whereas  it 
was  but  12  feet  long  in  No.  10. 

Hie  series  of  photographs  on  pages  56,  57  end  58  illustrate 
respectively  the  behavior  of  Barricade  No.  11  for  a center 
landing,  a 16-foot  off-center  landing  and  a 24-foot  off-oenter 
landing,  all  with  a singly  reeved  arresting  engine.  Data  for 
these  engagements,  as  well  as  for  an  8-foot  off-center  landing, 
are  shown  in  the  tables  on  pages  60-63 • Relative  behavior  at 
a runout  of  40  feet  for  off-oenter  landings  of  0,  8,  16 
24  feet  is  illustrated  by  the  series  of  photographs  on  page  59o 
Although  the  corresponding  photographs  arc  not  included  In  this 
report,  the  tabular  data  on  page  64  show  the  behavior  of  this 
barrioade  for  a 24- foot  off-oenter  landing  when  the  barricade  is 
connected  to  a doubly  reeved  engine. 

For  the  purpose  of  comparing  this  barricade  with  No.  10,  the 
following  oomments  are  offered.  Numerical  values  are  taken  from 
the  tables  on  the  pageB  indicated.  These  values  have  been 
arranged  in  tabular  form  for  a later  comparison,  and  appear  on 
page  78. 

1„  For  a center  landing  there  has  been  some  reduction  in 

the  maximum  F/T.  The  maximum  is  0.26  for  No.  11  (page  60), 
as  oompared  to  0.30  for  No.  10  (page  47). 
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• For  a 16-foot  off-center  landing  the  maximum  P/T  of  0.27 
for  No.  11  (page  62)  represents  a decided  reduction  from 
the  value  0.47  for  No.  10  (page  49/ • Furthermore,  No.  11 
produces  a much  more  favorable  torque,  both  aa  to  magnitude 
and  direction.  Whereaa  for  a runout  of  k.0  feet  No.  10 
exerts  a torque/ T of  -7*3  ft.  (page  49) » No.  11  exerts  a 
torque/'T  of  0.5  ft.  (page  62). 

3=  Similar  improvement  is  noted  for  a 24-foot  off-center 
engagement.  The  maximum  F/T  for  Barricade  No.  11  ia  0.31 
(page  63)#  whereas  it  was  0.57  for  No.  10  (page  50). 
Likewise,  for  a runout  of  4^  feet,  the  torque/T  is  1*5  fto 
for  No.  11  whereas  it  was  -8.6  ft.  for  No.  10. 

4.  As  against  these  improvements.  Barricade  No.  11  is  inferior 

to  No.  10  in  only  one  respect.  For  16  and  24- foot  off- 
center  engagements  the  maximum  angle  & is  slightly  larger 
for  No.  11.  It  is  33°  as  against  37°  for  a center  landing, 
44®  against  40°  for  a 16-foot  off-center  landing,  and 

47°  as  against  44°  for  a 24-foot  off-center  landing. 

5.  As  was  true  for  Barricade  No.  10,  it  apparently  makes  little 
difference  whether  No.  11  is  attached  to  a singly  reeved 

or  a doubly  reeved  arresting  engine.  This  is  Bhown  by 
comparison  of  the  tables  on  pages  63  ana  64. 

Barricade  Nos.  12,  13,  14#  and  1>  (as  well  as  later  Nos. 

20  , 21,22  and  23)  are  concerned  with  planes  having  sveptbe.sk 
wings.  Some  of  them  will  be  discussed  later. 
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Barricade  No.  11  S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 
Earricada  of  20-lb.  Nylon 
T = 2000  grama 


R 

1-1 

10-10 

20-20 

30-30 

40-40 

50-50 

65-65 

80-80 

Photo  No. 

188 

189 

190 

191 

192 

193 

194 

195 

Fl/T 

.11 

.17 

ol9 

.20 

.21 

.24 

.26 

.26 

VT 

.12 

.15 

.18 

.19 

.19 

.20 

.23 

.24 

F-j/T 

*1? 

.14 

.16 

.17 

.17 

.17 

.21 

.21 

VT 

.11 

.13 

.15 

.15 

.15 

.17 

.19 

.19 

F5/T 

.09 

*13 

.15 

.16 

.16 

.18 

.19 

.21 

VT 

.09 

.13 

.15 

.16 

.16 

.18 

.19 

.21 

VT 

• 11 

.13 

.15 

.15 

.16 

.13 

.20 

.19 

V'T 

.12 

.14 

.16 

.17 

.17 

.13 

.20 

.21 

F~/T 

x 

.12 

.16 

.17 

.19 

.18 

.21 

.24 

.25 

Pio/T 

.12 

.18 

.20 

.20 

.22 

.25 

.26 

• 26 

Max<»  0 

14.“ 

23° 

25° 

28° 

29° 

32° 

32° 

33° 

Element 

#1 

*5 

#5 

#5 

#5 

#5 

#5 

#5 

Maximum  P/T  at  any  runout  * 0.26 
Maximum  angle  $ at  any  runout  * 33° 
F0/T  at  1+0-foot  runout  * 0 
Fo/T  at  80-foot  runout  * 0 
Torque/T  at  i+O-f  oot  runout  ■ 0 
Toique/T  at  80-foot  runout  * 0 
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Barricade  No*  11  S 

Plane  Wings  Straight 

Singly  Reeved 
8*--ft.  Off-center  Landing 
Barricade  of  20-lb*  Nylorx 
T » 2000  grams 


R 

U-37 

Photo  No. 

122 

Pj/T 

.21 

VT 

.20 

tyT 

.17 

VT 

.19 

Pg/T 

• 20 

p6/t 

•Ilf 

?7/t 

.15 

V* 

.15 

p,/t 

.19 

?10/T 

.23 

Max*  0 

33* 

Element 

#1 

Maximum  F/T  at  4.0-foot  runout  • 0.23 
Majciimim  Ancrla  d n+-.  )i  runout  ss  11° 

F#/T  at  40 -foot  runout  * 0.U4. 

Torque/T  at  40-foot  runout  » 0.4  ft. 
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Barricade  Noo  11  S 
Plana  Wings  Straight 

Singly  Reeved 
lo-ft.  Off-center  Landing 
Barricade  of  20 -lb.  Nylcn 
T * 2000  grams 


R 

1-5 

10-10 

21-19 

32-28 

43-37 

54-46 

70-60 

85-75 

Photo  No. 

97 

98 

99 

100 

101 

102 

103 

104 

Fx/T 

• 11 

.18 

.21 

.20 

.19 

.19 

.19 

.18 

V* 

.14 

.18 

.21 

.20 

.19 

.20 

.22 

.22 

F3/T 

.14 

.17 

.19 

.18 

.19 

.20 

.21 

.22 

VT 

.13 

.16 

.18 

.18 

.19 

.21 

.23 

.25 

F5/T 

.11 

.1  ^ 
- — 

.16 

.17 

.18 

.21 

.24 

. 24 

VT 

.08 

.13 

.14 

.15 

.14 

.14 

V 

.13 

T3i  /m 
* y/  A 

.10 

.13 

.15 

.16 

.15 

.16 

.17 

.17 

V* 

.12 

.13 

.14 

.15 

.15 

.17 

• 18 

.18 

F<j/T 

• 11 

.13 

.15 

.18 

.18 

.21 

0 24 

• 25 

p-~/t 

lv 

• 10 

.12 

.14 

.17 

.19 

.23 

.26 

.27 

Max.  jtf 

34° 

30° 

36° 

370 

38° 

k0  0 

4.20 

44° 

Slemsnt 

#1 

#1 

# 1 

#1 

#1 

#1 

#1 

#1 

Maximum  P/T  at  any  runout  * 0.27 
Maximum  angle  j»  at  any  runout  * 44  s 
F0/T  at  40“fo°t  runout  * 0*23 
VT  ,l:  80-foot  runout  ■ 0.23 
Torqu»/T  at  40-foot  runout  * 0*5  ft. 
Torque/T  at  80-foot  runout  * 2*5  ft. 


Barricade  No.  11  S 


Plane  Wings  Straight 

Singly  Reeved 

21+- f t • 0 f I — c^rivCr  Banning 
Barricade  of  ?0-!b.  Nylon 
T = 2000  grams 


R 

20-14 

49-31 

76-54 

92-6' 

Photo  No* 

llii 

n5 

116 

11? 

v* 

.21 

.21 

.16 

.16 

VT 

.20 

.20 

.20 

.24 

?3/T 

.18 

.19 

• 22 

.25 

VT 

.16 

.19 
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.28 

Pj/T 

.13 

.17 

.24 

.28 

VT 

.14  • 
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.12 

.11 

Py/T 

.15 

.16 

.18 

.17 

Pg/T 

.14 

.17 

.20 

.22 

p9/t 

.14 

.18 

.25 

.27 

t*  /m 

4 10/  T 

.12 

.19 

.27 

.31 

Max. 

46° 

46° 

45® 

47° 

Klement 

#1 

#1 

#1 

#1 

Maximum  F/T  at  any  runout  * 0.31 
Maximum  angle  p at  any  runout  ■ 47  s 

F /T  at  i^O-foot  mnout  » 0.  31 

0 

Fo/T  at  80-foot  runout  * 0.36 
Torque/T  at  40-foot  runout  * 1.5  ft 
Torque /T  at  80-foot  runout  ® 4*5  ft 


Barricade  No,  11  D 


Plano  wings  Straight 

Doubly  Reevsd 
2l|~fto  Off-center  Landing 
Barricade  of  20-lb,  Nylon 
T * 2000  grama 


R 

20 

I4.0 

65 

80 

Photo  Noe 

118 

119 

120 

121 

v» 

,20 

.20 

• 15 

.13 

Fg/'T 

.20 

o21 

.19 

.19 

VT 

.19 

.21 

,21 

.22 

VT 

.15 

,21 

.25 

*26 

W ,/<V 

* 

.13 

.20 

.^4. 

• 26 

VT 

.14 

.14 

.11 

.10 

VT 

.15 

.16 

.16 

.1? 

VT 

,14. 

.18 

.19 

.20 

VT 

.13 

.19 

.23 

.27 

’VT 

.11 

.19 

.25 

.30 

Max.  jf 

I4.00 

42° 

46° 

48® 

Element 

#1 

#1 

#1 

#1 

Maximum  F/T  at  any  runout  ■ 0*30 
Maximum  angle  0 at  any  runout  * i|B° 
?C/T  at  l^O-foot  runout  »=  0.34 
F^T  at  80- foot  runout  * 0.23 
Torque/f  at  140-foot  runout  ® 1*5  fto 
Torque/T  at  80-foot  runout  * 4« 7 fto 
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Barricade  Nos  16 


Barricade  No.  16  represents  a deliberate  attempt  to  reduoo 
the  angle  0 and  still  maintain  the  desirable  features  of  No*  11s 
The  large  angles  0 observed  with  Barricade  Nos.  10  and  II  result 
primarily  from  the  fact  that  the  rings  at  the  ends  of  the  vertical 
elements  are  free  to  slide  along  the  longitudinal  elements*  The 
angle  would  certainly  be  reduced  by  fastening  the  ends  of  the 
vertical  elements  in  fixed  positions*  It  would  De  well  to  know 
whether  this  change  would  render  more  unfavorable  other 
characteristics  of  the  barricade. 

Barricade  No*  16  was  therefore  constructed  exactly  like 
No.  11,  except  that  the  ends  of  the  vertical  elements  were 
fixed  in  position.  The  design  is  shown  on  page  6y*  Hi# 
behavior  of  the  barricade  for  a center  landing  is  shown  by 
the  series  of  photographs  on  page  68  and  the  tabular  data  on 
page  69*  The  behavior  is  entirely  unsatisfactory  even  for  a 
center  landing. 

In  principle  there  are  probably  two  ways  of  accomplishing 
the  desired  reduction  in  angle  ^ without  sacr  Lf  loing  other 
desirable  characteristics.  Unfortunately,  neither  appears 
practical.  The  rings  at  the  ends  of  the  vertical  elements 
must  be  allowed  to  slide  along  the  longitudinal  elements. 

Still,  it  is  desirable  to  hold  a fixed  distance  apart  the 
ends  of  that  pair  of  vertical  elements  which  slide  on  a given 
pair  of  longitudinal  elements,  lhe  two  sketches  on  page  66 
illustrate  two  methods  by  which  this  can  be  accomplished. 

The  rigid  member  needed  in  the  first  sketch  would  be  untenable. 

The  sheaves  needed  in  the  second  sketoh  would  likewise  be 
impractical.  Too  much  friction  would  almost  certainly  result 
from  an  attempt  to  replace  the  sheaves  with  rings  through 
which  the  element  can  slide. 
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20  feet  long 


Ihe  upper  half  of 
one  of  the  five  paira 
of  longitudinal  elements 


Purchase  cable 


A flexible  element 
20  feet  long 


\ \ 

w 
\ \ 


The  upoer  half  of  \ \ 

one  of  the  five  pairs 
of  longitudinal  elements 

\ \ 


\\ 

\ \ 


One  free  running  sheave  needed 
at  eaoh  end  of  eaoh  longitudinal 
element 


Purchase  cable 


Barricade  No*  2.6  S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 
Barricade  of  20-lb.  Nylon 
T » 2000  gram* 


R 

1-1 

10-10 

20-20 

30-30 

40-40 

50-50 

65-65 

80-80 

Photo  No. 

153 

154 

155 

156 

157 

158 

159 
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VT 

.12 
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•43 

.50 
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.78 

Pp/T 
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.28 
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.26 
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,11 

,10 

.0? 

,04 

.02 

0 

0 

0 

VT 
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.04 

.03 

.01 

0 

0 

P^/T 
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,04 

.02 

0 

0 

0 

0 

VT 

•08 

•08 

.05 

.01 

0 

0 

0 

0 

P?/T 

.10 

.09 

A4. 
e vw 

.04 

.03 

.01 

0 

0 

Pc/T 

.11 

.10 

.07 

.04 

.02 

0 

0 

0 

p9/t 

•13 

.18 

.21 

.21 

.25 

.28 

.27 

.26 

pio/t 

.13 

.29 

.43 

.50 

.65 

.73 

.76 

.78 

Max.  £ 

8° 

18° 

23° 

24® 

22° 

20® 

21° 

190 

Element 

#1 

#1 

#1 

#1 

#1 

#1 

#2 

#2 

Maximum  P/T  at  any  runout  * 0*78 
Maximum  angle  ft  at  any  runout  * 25® 
Pg/T  at  40-foot  runout  * 0 
F-/T  at  80-foot  runout  * 0 
Torque/T  at  4-0" foot  runout  * 0 
Torque/T  at  80-foot  runout  •*  0 


*1* 
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Barricade  Nos,  17#  13  and  19  represent  ether  attempts  to 
reduce  the  angle  0 and  still  retain  other  desirable  character- 
istics# Nos,  17  and  18  represent  preliminary  designs#  one 
proper  for  a center  landing  and  the  other  proper  for  a l6-foot 
off-center  landing.  No.  19  represents  a compromise  which  it 
was  hoped  would  be  good  regardless  of  how  far  off  center  th# 
landing  might  be0  Each  barricade  utilizes  10  pairs  of 
longitudinal  elements.  Each  tenth  vertical  element  Is 
connected  to  a common  pair  of  longitudinal  elements. 

Barricade  No.  17  was  designed  to  equalize  the  forces  in 
the  vertical  elements  for  a center  ianuing  and  a 4.0-foot  runout# 
the  equalization  being  accomplished  by  adjustment  of  the  lengths 
of  the  elements.  The  design  is  shown  on  page  71»  The  behavior 
of  the  barricade  is  shown  by  the  series  of  photographs  on 
page  72  and  by  the  tabular  data  on  page  73*  For  a center 
landing  the  force  distribution  among  the  vertical  elements  is 
highly  satisfactory,  and  the  magnitude  of  the  angle  0 i» 
reasonably  satisf a 0 tory . 


Barricade  No.  17  S (or  D) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 
Center  Landing 
Barricade  of  20 -lb.  Nylon 
T * 2000  grama 


R 

20-20 

40-40 

8o-8o 

Photo  No. 

163 

164 

165 

166 

VT 
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.14 

.18 

.20 

p2/t 

.14 

.16 

.19 

. 20 

Fj/T 
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.16 

.17 
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.15 

.17 

.18 

.18 

Fj/T 

.17 

.15 

.15 
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VT 

.16 

.14 

.14 

.15 

f7/t 
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.15 

.15 

.15 

VT 

.16 

*1  L 

9 JUW 

*«  n 

. 1 / 

- — 1 

.18 

n /m 

x 9/  ^ 

.14 

.15 

.20 

.20 

p*/t 

.11 

.15 

.19 

.21 

Max.  jt 

15° 

12° 

14° 

12° 

Element 

#1 

#1 

#1 

#1 

Maximum  P/T  at  any  runout  *0.21 
Maximum  angle  0 at  any  runout  *15° 
F0/T  at  4°“**ost  wnout  « 0 
F0/T  at  80- foot  runout  * 0 
Torque/T  at  ij.0- foot  runout  » 0 
Torque/T  at  80-foot  runout  • 0 


Barricaae  No.  18 

Barricade  No.  l8,  similar  to  No.  17  except  for  the  lengths 
of  the  vertical  elements,  was  designed  to  equalize  the  forces 
in  the  vortical  elements  for  a 16-foot  off-center  landing  and 
a 40-foot  runout.  The  design  is  shown  on  page  75*  The 
behavior  of  the  Barricade  for  a 16-foot  off-center  landing  ia 
shown  by  the  aeries  of  photographs  on  page  76  and  the  tabular 
data  on  page  77*  The  force  distribution  among  the  vertical 
elements  is  highly  satisfactory,  and  the  magnitude  of  the  angle 
0 reasonably  satisfactory.  A compromise  between  Barricades 
No.  1?  and  No.  18  might  be  reasonably  satisfactory  for  either 
a center  or  an  off-center  landing.  Barricade  No.  19,  to  be 
discussed  next,  represents  such  a compromise. 


Barricade  No.  10  S 

Plane  Wings  Straight 

Singly  I?63 ved 
lo~ft.  Off-sen.,  c v Landing 
Barricade  of  2G-1L.  Nylon 
T = 2000  grams 


ft 

25-15 

46-314- 

72-58 

88-72 

Photo  No » 

16? 

168 

169 

170 

Py/T 

.13 

.15 

• Hi- 

.15 

p2/t 

.15 

• 16 

.15 

.16 

p3/t 

.13 

.14 

.12 

.11 

VT 

.17 

• 17 

.16 

.16 

Pj/T 

.17 

• 17 

.17 

.18 

VT 

.15 

• 17 

.18 

.18 

P?/T 

.13 

.15 

.17 

.17 

p8/t 

.12 

.16 

.17 

f Ct 

••a  / 

Pg/T 

.08 

•15 

.18 

.21 

flo/T 

.06 

.15 

on 

V uv 

.23 

Max. 

• I70 

1 no 
J.7 

21° 

21* 

Element 

#1 

Jit 

xrx 

#1 

#1 

Maximum  p/T 

at  any 

runout 

“ 0.23 

Maxi 

mitvw 

n d e 

>v  jp  Mk  v 

A VULtWUM  — 

?0/T  at  40-foot  runout  **  0*19 
PVT  at  80-foot  runout  *■  0.16 

5 

Torque /T  at  4^~f oot  runout  * 0.,6  ft 
Torque/T  at  80-foot  runout  » 3,6  ft 
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Barricade  No.  19 

Barricade  No.  19  represents  a compromise  between  No.  17 
and  No*  18.  a compromise  as  regards  the  lengths  of  vertical 
elements.  One  would  not  expect  it  to  be  quite  as  good  as 
No.  1?  for  ft  center  landing,  nor  quite  as  good  as  No.  18  for 
a 16-foot  off-center  landing,  but  it  should  be  reasonably  good 
for  either.  It  should  be  better  than  oither  No.  17  or  No.  18 
for  either  an  8= foot  or  a 2^-foot  off-center  landing.  The 
design  of  No.  19  is  shown  on  page  80. 


Tiie  behavior  of  this  barricade  ia  illustrated  by  the  series 
of  photographs  on  pages  8l,  82  and  £3  for  0,  16  and  2l4.-foot  off- 
center  landings  respectively,  the  arresting  engine  being  singly 
reeved  in  each  case.  The  corresponding  data  are  shown  in  the 
tables  on  pages  814.-86.  Data  for  a 16-foot  off-center  landing 
with  a doubly  reeved  engine  are  given  in  the  table  on  page  87# 
although  illustrative  photographs  are  not  shown  for  this  case. 


By  way  of  comparing  Barricade  No.  19  with  Barricade  Nose  10 


j and  llf  the 

following  table  and 

comments  are 

offered : 

C 0*2X0  3. 

rioon  of  Barricade  Nos.  10,  11  an 

d 19 

Distance 

Barricade  No. 

Off  Center 

10 

TX” 

19 

0 ftc 

Max.  F/T 
Max.  0 

'PrmmiA  /'T’r 

* » ~ M 

Reference* 

0.30 

370 

A 

vs 

47 

0.26 

33° 

/*> 

\J 

60 

0.26 

15* 

0 

A 1 

34 

| 16  ft. 

1 

Max.  F/T 
Max.  jS 
Torque/T 
Reference* 

o.iiT 
k 0° 

G.27 

1. 1.  0 

*+w- 

0.5  ft. 

o2 

0.25 

21® 

°-8Vt- 

| 24  fto 

II 

li 

’ 

' 

Max.  F/T 
Max.  0 

Tcrque/T  » 

T2  ~ — - — # 

iVO  X OI  OUOO" 

0.57 

Uii0 

-8.6  ft. 

CfA 

0.31 

47° 

1.5  rto 

Z *i 

0.3k 

28“ 

34,  ft. 
uo 

t 


* At  a runout  of  I4.O  feet. 

# Val'.ies  are  tBJken  from  tables  on  ^ages  indicated. 


1.  A real  reduction  in  the  angle  jjf  has  bean  accomplished 
in  Barricade  No.  19,  without  appreciable  sacrifice  as 
regards  the  force  distribution  or  the  torque  exerted. 
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2.  considering  u\e  force  distributions  among  the  vertical 
elements,  the  angles  at  which  these  forces  act,  and  the 
torques  exerted  on  the  plane,  BarrMnarie  No-  19  represents 
•a.  distinct  improvement  over  No.  11,  and  an  oven  greater 
Improvement  over  No.  10. 

3.  Ihere  are  two  respects  in  which  No.  19  is  inferior  to  both 
No.  10  and  No.  11.  With  No.  19  there  is  a much  greater  chance 
of  entanglement  of  the  longitudinal  elements  with  the  tail 
fin  of  the  plane.  Also,  for  a landing  in  which  the  fuselage 
of  the  plane  is  not  parallel  to  the  center  line  of  the 
landing  deck,  the  force  distribution  would  be  less  favor- 
able for  No.  19  than  for  No.  10  or  No.  11. 


! 
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Barricade  No.  19  S {or  L) 

Plane  Wings  Straight 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 

Barricade  of  20-lb.  Nylon 


T * 2000 

grams 

R 

20-20 

40-40 

65-65 

80-30 

Photo  No. 
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.19 
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F^T 

.13 

.21 
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.25 
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.15 
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.26 

.26 

Max*  ^ 

11  • 

11° 

15° 

12° 

Element 

#1 

#1 

#1 

#1 

; Maximum  F/T  at  any  runout  « 0.26 

| Maximum  angle  at  any  runout  » 15° 

F0/T  at  ^0-foot  runout  * 0 
Fq/T  at  80-foot  runout  = 0 
Torque/T  at  40*'*°°t  runout  « 0 
Torque /T  at  80- foot  runout  * 0 

1 
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Barricade  No.  19  S 

Plane  Wings  Straight 

Singly  Reeved 
16-ft.  Off-center  Landirg 
Barricade  of  20-lb.  Nylon 
T = 2000  grains 


R 

25-15 

46-34 

72-58 

88-72 

Photo  No. 
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.24 

*VT 
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.17 

.24 

• 25 

Max. 

21° 

21° 

20° 

19* 

Element 

#1 

#1 

#1 

n 

Maximum  F/T  at  any  runout  “0.25 
Maximum  angle  jf  at  any  runout  » 21° 
?o/T  at  i+Q-£oo t runout  * 0.23 
P0/T  at  80 -foot  runout  **  0.16 
Torque/T  at  40-foot  runout  = 0.3  ft. 
Torque/T  at  80-foot  runout  ■ 3»4  ft. 
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Barricade  No.  19  S 

Plane  Wings  Straight 

Singly  Reeved 
24-ft.  Off-center  Landing 
Barricade  of  20 -lb.  Nylon 
T = 2000  grams 


R 

26-14 

49-31 

75-55 

91-69 

Photo  No, 
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179 
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.25 

.26 

Pic/T 

.17 

.26 

.32 

.34 

Max,  ^ 
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28  *• 

26° 

26° 

SldiuC  nfc 

#1 

#1 

#1 

#1 

Maximum  p/T  at  any  runout  * 0*34 

Maximum  angle  0 at  any  runout  *28° 

F /T  at  runout  ■ 0.20 

P /T  at  80-foot  runout  * 0.25 
o 

Torque/T  at  40- foot  runout  * 3»4  ft<> 
Torque/ T at  80-foot  runout  * 6,8  ft. 


Barricade  No.  19  D 
Plano  Wings  Straight 


Doubly  Roe red 

16- f t j Off- center  Landing 

Earricade  of  20-lb.  Nylon 


m Art  r\  rt 

X cww 

gi  aluA 
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Photo  No* 
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.13 
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.14 

.13 
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.11 

.13 

.14 
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V1 

• xc. 

.14 

• 17 

.17 

VT 

.14 

.19 

.23 

.25 

Pl</T 

.12 

.21 

• 27 

.28 

Max*  # 

22° 

20° 

22° 

22° 

Element 

#1 

#1 

#1 

#1 

Maximum  F/T  at  any  runout  * 0*28 
Maximum  angle  at  any  runout  ® 23° 

F /T  at  40”  foot  runout  * 0ol6 

o 

F0/T  at  80- foot  runout  * O.lij. 
Torquo/T  at  40“foct  runout  ■ 1.3  ft. 
Torque /T  at  80-foot  runout  * 4*5  ft. 
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SUMMARY  0?  BARRICADE  CHARACTERISTICS  (STRAIGHT  WINGS) 

Collected  in  the  following  table  are  the  measured 
characteristics  of  all  barricades  studied  which  were  designed 
for  stopping  planes  for  which  the  leading  edge  of  the  wing  is 
perpendicular  to  the  fuselage.  Let  it  be  emphasized,  again 
that  no  allowance  has  been  made  for  the  fact  that  the  wings 
of  even  conventional  planes  are  swept  back  slightly,  nor  for 
the  fact  that  the  wing  is  thicker  near  the  fuselage  than  near 
the  tip*  It  has  appeared  advisable  to  ksep  all  measurement a 
on  a common  basis,  that  of  a straight,  very  thin  wing* 
Approximate  allowance  for  a small  angle  of  sweepback  and  the 
variable  thickness  of  the  wing  can  easily  be  made  in  specify^ 
ing  the  lengths  of  the  vertical  elements  for  any  particular 
barricade  one  desires  to  construct* 


Comparison  of  Barricades  (Straight  Wings) 


t Bar. 

Off 

Max. 

r 

"v. 

<3 

Torque/T 

No. 

uenter 

/V 

y 

r»4o* 

R«80‘ 

R*40» 

r*8o« 

1 3 

mm 

.99 

7° 

0 

0 

0 

0 

El 

1.0k 

18° 

.44 

.29* 

4.5 

2.4* 

1 D 

.99 

7° 

0 . 

0 

n 

0 

2*00 

22° 

-*43b 

-.33 

-36b 

-36 

2A  S 

0 

.37 

5° 

0 

0 

0 

0 

2 3 

m 

11° 

0 

0 - 

0 

19° 

.0? 

.11° 

17 



K1 

8 S 

16* 

CO 

• 

22° 

.24 

.20° 

| 

BB 

9 S 

’HP 

.35 

11° 

0 

0 

B B 

0 

iHs 

.40 

16° 

.24 

.21 

.3 

1.5 

10  3 

8* 

e a 

Ow 

.25 

a 

ICO 

A 

V 

.12 

r\ 

V/ 

u 

.9 

A 

V 

16 

•47 

40® 

.32 

.70 

- 7-3 

- 5.4 

24 

.57 

44° 

•42 

.34 

- 8.6 

- 5.1 

10  D 

0 

.30 

370 

0 

■OH 

0 

0 

I6f 

.50 

420 

•41 

- 6.3 

- 6.4 

24* 

*56 

1*4° 

.50 

mm 

- 9.2 

- 5.6 

(Continued) 


To rque/T 


16  3 


17  3 


18  S 


19  S 


R=80« 


0 

.23 


19 

.16 

0 

0 

23 

.16 

28 

.25 

0 

0 

18 

.14 

Rei|0» 


0 


r-8o» 


0 


a.  Data  arc  for  a runout  of  78  foot  rather  than  80  feet. 

b.  Data  are  for  a runout  of  k.5  feet  rather  than  k0  feet, 

o.  Data  are  for  a runout  of  0J4.  feet  rather  than  oO  feet* 

d*  Data  were  taken  at  only  one  runout,  U.2  feet. 

e*  Data  were  taken  at  only  one  runout,  ..0  feet. 
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BARRICADES  FOR  PLANES  WITH  SWEPT BACK  WINGS* 


To  this  point  attention  has  been  directed  toward  the 
stopping  of  pianos  having  conventional  straight  wings*  The 
prospect  of  having  to  stop  planes  with  wings  swept  back  from 
45®  to  b'J®  presents  an  additional  immediate  problem.  General 
considerations  of  this  problem  have  convinced  th3  group  that 
in  stopping  such  planes  certain  barricade  elements  must  be 
constructed  to  sustain  considerably  larger  forces  than  those 
encountered  in  stepping  conventional  planes. 

For  the  same  reasons  as  in  the  oase  of  the  conventional 
plane,  it  appears  advisable  her®  also  to  engage  the  wings  or 
the  fuselage#  Sven  though  they  are  swept  back,  the  wings  are 
probably  more  easily  engaged  than  the  fuselage.  ‘The  larger 
the  angle  of  sweepback  the  more  difficult  it  will  be  to  engage 
the  wings#  Likewise,  the  larger  the  angle  of  sweepback  the 
larger  will  be  the  maximum  forces  which  must  be  sustained  by 
certain  barricade  elements#  Some  observations  have  been  mads 
for  planes  with  wings  swept  back  both  45”  and  60a#  (The  angle 
of  sweepback  used  throughout  this  report  is  the  angle  tha 
leading  edge  of  either  wing  makes  with  ?.  horizontal  line  drawn 
perpendicular  to  the  axis  of  the  fuselage.)  While  the  results 
fall  far  short  of  suggesting  a really  satisfactory  barricade, 
they  do  suggest  designs  whioh  may  be  tolerated. 

Information  to  be  presented  on  sweptback  wing  engagements 
was  obtained  in  the  same  manner  as  that  for  straight  wing 
engagements*  A model  representing  the  leading  edge  of  the 
sweptback  wing  was  simply  substituted  for  the  previous  model© 
It  appeared  interesting  to  investigate  first  an  engagement 
with  Barricade  No#  10,  since  this  barricade  is  of  essentially 
the  same  design  as  the  one  in  current  use  for  conventional 
P lane  s « 


Barricade  No#  10 


The  design  of  this  barricade  (essentially  that  now  in  use 
fox1  straight-wing  planes)  has  already  been  described,  and  a 
diagram  has  been  shown  on  page  41  • The  behavior  of  the 
barricade  upon  engaging  a plane  with  wings  swept  back  45°  in 
a center  landing  and  a 16-foot  off-center  landing  is  illustrated 
by  the  series  of  photographs  on  pages  92  and  93*  Corresponding 
tabular  data  are  shown  on  page  94*  Behavior  of  the  barricade 
upon  engaging  a plane  with  wings  swept  back  60®  in  & center 
landing  and  a 16-foot  off-center  landing  is  illustrated  by  the 
photographs  on  pages  95  and  96  0 Corresponding  data  are  shown 
on  page  97- 

c 

At  first  sight  neither  the  photographs  nor  the  t abular 
data  indicate  satisfactox*y  operation#  By  far  the  major  fore® 
is  exerted  by  the  two  centi'ally  located  vertical  elements o 
Furthermore,  the  angle  ft  for  these  two  forces  is  undesirably 
largo#  The  table  on  page  93  summarizes  the  relative  merits  of 


^ -IT* 


Barricade  No,  10  Tor  both  center  and  16-foot  off-center  landings 
of  planes  with  straight  wings,  planes  with  wings  swept  beck 
t+S0  and  planes  with  wings  swept  back  60°.  Additional 
observations  not  tabulated  here  show  that  at  a l^O-foot  runout 
of  a plane  with  wings  swept  back  4£°  engaging  the  barrier 
24  feet  off  center:-  The  maximum  p/T  is  0-53;  the  maximum 
angle  $ it  31° 5 the  Fc/T  is  0.39;  the  torque/ T is  -3.5  fee to 
In  view  of  this  statement,  coupled  with  the  value r given  in 
the  table  on  page  98,  it  is  difficult  to  escape  the  conclusion 
that  for  any  off-center  landing  up  to  2 4 feet.  Barricade  No.  10 
would  work  about  as  well  for  a plane  with  a sweepback  of  455 
for  a 24- foot  off-center  landing  of  a plane  with  straight  wings. 
Either  center  or  off-center  engagements  of  a plane  with  wings 
swept  back  60°  lead  to  considerably  larger  maximum  values  of  F/T 
and  of  j*. 

In  all  probability,  dynamic  considerations  are  of  greater 
importance  in  judging  the  behavior  of  a barricade  during  an 
engagement  with  sweptback  wings  than  during  a similar  engage- 
ment with  straight  wings.  The  sweptback  wings  will  always 
engage  first  those  elements  nearest  the  center  of  the  plane* 

The  impact  will  force  these  elements  farther  from  the  oenter. 

If  this  occurs  only  a limited  extent  it  will  reduce  the 
maximum  angle  js  and  may  reduce  the  maximum  F/T.  It  will 
definitely  lead  tc  a more  favorable  force  distribution  among 
the  vertical  elements.  If  necessary,  the  extent  of  this 
effect  can  be  limited  by  a flexible  tie  between  successive 
vertical  elements  operating  on  the  same  pair  of  longitudinal 
oleraents.  Use  of  such  a tie  would  have  a tendency  to  bring 
all  pairs  of  vertical  elements  into  a more  nearly  symmetrical 
position  with  respect  to  the  plane* 

It  thus  appears  that  Barricade  No.  10  might  be  at  least 
reasonably  satisfactory  for  stopping  a plane  with  wings  swept 
back  lb  would  probably  stop  planes  with  wings  swept 

back  w°  satisfactorily  if  the  strengths  of  the  vertical 
elements  of  the  barricade  were  doubled.  With  the  hope  of 
arriving  at  a still  more,  satisfactory  bar-rioade,  particularly 
for  planes  having  wings  swept  back  60°,  several  barricades 
designated  as  Nos.  13#  15,  20,  21,  22  and  23  were  investigated* 
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Barricade 

No.  10  S 

Plane  V 

s'ings  Swept  Back  45° 

i Singly  Reeved 

! i Amount  Off  Center  Indicated 

Below 

Barricade 

of  20- 

lb*  Nylon 

T *=  2000 

grams 

On 

Center 

16  ft.  Off  Center 

[ 

20-20 

40-40  65-65  80-80 

25-15 

47-33  73-57 

89-71 

1 

Photo  No> 

237 

238 

239 

240 

241 

242  243 

244 

Px/T 

.04 

*12 

.15 

.17 

•14 

.22  .27 

.28 

VT 

.03 

.05 

.06 

.07 

.07 

.10  .11 

.11 

| P-/T 

0 

0 

.01 

.01 

,01 

.01  .02 

.25 

VT 

.09 

.12 

.11 

.13 

.13 

.12  .12 

.13 

P5/T 

.50 

.55 

.51 

.54 

•44 

.46  .44 

•4B 

VT 

.50 

.55 

.51 

.54 

.43 

.46  .50 

.52 

P7/T 

.09 

.12 

.12 

.13 

.10 

.16  .17 

,18 

V* 

0 

0 

.01 

m 

• w* 

.01 

.01  .01 

.02 

P^T 

.03 

.05 

.06 

.07 

,02 

.02  .04 

.05 

pk/t 

.04 

.11 

.15 

* »•* 

0 

.03  .09 

.12 

Max.  0 

44° 

420 

390 

37° 

49® 

46°  41° 

✓ * 

Element 

#5 

#5 

#5 

#5 

#6 

#6  #6 

#6 

on 

Center 

lb  ft.  err  center 

Maximum  P/T 

at 

any  runout 

0.55 

0.52 

' Maximum  angle  f(  at  any 

runout 

44° 

49° 

Fc/T  at  ifO- 

foot 

runout 

0 

0.28 

VT 

at  80- 

foot 

runout 

0 

0.31 

Tor qua /T  at  4^- 

foot  runout 

0 

-3.6  ft.. 

Torque/T  at 

80- 

foot  runout 

0 

-4.1  ft. 

97 


B&rrl oa.de  No*  10  5 
Plane  Wings  liwept  Back  60° 

Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20- lb.  Nylon 
T * 2000  grams 


On  Center  16  ft.  Off  Center 


R 

20—  20  40  “40 

65-65 

80— 80 

25-15 

47-33  75-55 

91-69 

Photo  No. 

253 

254 

255 

256 

257 

258  259 

260 

VT 

0 

0 

.07 

• 10 

0 

.08  .15 

.16 

p/r 

0 

0 

0 

0 

0 

0 0 

0 

Pj/T 

0 

0 

0 

0 

0 

0 0 

0 

VT 

0 

0 

0 

0 

0 

0 0 

0 

F,/T 

.78 

.86 

.89 

.90 

.79 

.87  .91 

.92 

VT 

.78 

.86 

.89 

.90 

• 77 

.83  .86 

.87 

p7/t 

0 

0 

0 

0 

0 

0 0 

0 

VT 

0 

Q 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 0 

0 

’V1 

0 

0 

.08 

.11 

0 

0 0 

•02 

Max. 

60° 

62° 

61° 

60° 

67° 

6k°  63° 

62° 

Element 

#5 

#5 

#5 

#5 

#6 

#6  #6 

#b 

On  C 

Isnter 

16  ft.  Off  Center 

Maximum  F/i1 

at  any  runout  0* 

.90 

0.92 

Maximum  angle  fif  at  any 

mm  out  62° 

67° 

f^/t  at  40-foot 

runout 

0 

0.23 

Fc/T  at  80- 

foot 

runout 

0 

0.24 

Torque/T  at  40- foot  runout 

0 

1.2  ft. 

Torque/T  at 

Q n f 

00 t runout 

0 

-1.1  ft. 

C* 

?4 

O P 
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0 

cA 

<3* 
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• 4> 

(A 

Is— 

CM 

CXI 
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Torque /T  at  80-foot 


Barrlcaue  No?  13 

It  may  well  be  that  in  stopping  a piano  with  sweptback 
wings  relatively  Tew  of  the  vortical  elements  will  have  to 
accept  the  major  part  of  the  retarding  force.  Ihe  simple 
barricade  shown  on  page  100,  or  a modification  thereof,  may 
therefore  be  worth  considering.  In  this  barricade  all  vertical 
elements  are  free  to  slide  along  a common  pair  of  longitudinal 
elements.  As  a plant  engages  the  barricade  the  vertical 
elements  on  either  side  of  the  nose  of  the  plane  will  be 
forced  outward  from  the  nose.  Unless  it  is  limited  in  some 
manner  the  separation  of  elements  may  well  become  so  large  that 
the  plane  can  pass  through-  Friction  along  the  leading  edge 
of  the  wing  will  probably  not  provide  sufficient  limitation. 

The  separation  can  be  limited  by  flexible,  longitudinal  ties 
between  those  vertioal  elements  a chosen  distance  apart. 

The  photographs  on  pages  101  and  102  illustrate  the 
behavior  of  this  barricade  when  engaging  in  a center  landing 
and  in  a 16-foot  off-center  landing  a plane  with  wings  awept 
back  4-^®#  assuming  that  the  vertical  elements  do  not  slip 
along  the  leading  edge  of  the  wingo  Corresponding  data  are 
given  on  page  103 . The  photographs  on  pages  104-  and  10$ 
illustrate  the  behavior  of  the  barricade  when  engaging  a plane 
with  wings  swept  back  60°  in  a center  landing  and  a lb-foot  off- 
center  landing.  Corresponding  data  are  shown  on  page  106. 

Inspection  of  the  tables  on  pages  103  and  106  shows  that 
the  forces  in  the  two  central  olements  of  Barricade  No.  13  are 
quite  high.  For  a 16-foot  Off  — CO u tor  landing  of  a plane  with 
wings  swept  back  60°,  the  maximum  P/T  is  1.10.  This  value  is 
approximately  twice  the  maximum  F/T  encountered  in  engaging 
with  Barricade  No.  10  a plane  with  straight  wings  in  a l6-fc*ot 
off-center  landing.  The  maximum  angle  $ is  approximately  the 
same  for  either  engagement.  The  torque  on  the  plane  is  more 
favorable  for  an  engagement  of  Barricade  No.  13  with  a plane 
with  wings  awept  back  60°  than  for  an  engagement  of  No.  10 
with  a plane  with  straight  wings o 

Limited  separation  of  the  central  vertical  elements  upon 
impact  of  the  plane  would  probably  reduce  the  meutiraum  angle  jf. 

It  could  not  improve  appreciably  the  force  distribution  among 
the  vertioal  elements.  Any  improi'ement  in  the  maximum  angle  j* 
would  therefore  be  accompanied  by  an  increase  in  the  maximum 
F/T.  Although  the  force  distribution  might  be  improved,  and 
hence  the  maximum  value  of  F/T  reduced,  by  employing  vertioal 
elements  of  different  lengths,  it  is  nevertheless  felt  that 
other  designs  will  prove  more  satisfactory  than  No.  13* 
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Barricade  No.  13  S 


Plane  Wines  S~spt  Back  lie0 

Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20-lb.  Nylon 
T = 2000  grams 


On  Center 

16  ft. 

Off  Center 

R 

20-20 

40-4.0 

65-65 

80-80 

25-15 

47-33 

74-56 

89-71 

Photo  No. 

, 308 

309 

310 

311 

312 

313 

314 

315 

VT 

.11 

.21 

.30 

.38 

.30 

.40 

.45 

.50 

VT 

0 

0 

0 

0 

0 

.01 

,02 

.03 

p^/t 

0 

0 

0 

0 

0 

0 

0 

0 

VT 

0 

0 

0 

0 

0 

0 

0 

n 

o76 

.76 

.77 

.76 

.76 

°73 

.71 

.73 

VT 

nU 

C|W 

.76 

.77 

.76 

.72 

.80 

.82 

.79 

t?_A> 
* r * 

0 

0 

0 

0 

0 

0 

0 

0 

VT 

c 

0 

0 

0 

0 

0 

0 

0 

p9/t 

0 

0 

0 

0 

0 

0 

0 

0 

FloA 

.11 

.21 

.30 

.38 

0 

.08 

.21 

.24 

Max.  # 

29° 

29° 

29° 

29° 

23° 

29° 

29* 

29° 

Element 

#5 

#5 

#5 

#5 

#6 

#6 

#6 

#6 

On  Center  16  ftp  Off  Center 


Maximum  f/t  at  any  runout 

0,76 

0.82 

Maximum  angle  ^ at  any  runout 

a 

<r>- 

29* 

Fa/?  at  40-foot  runout 

0 

O.38 

F0/T  at  80-foot  runout 

0 

0.46 

Tcrque/T  at  40-foot  runout 

0 

-6.2  ft 

Torque/T  at  80-foot  runout 

0 

-9.6  ft 

\ 


Barricade  No*  13  3 
Plane  Winga  Swept  Back  60 0 
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Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20- lb.  Nylon 
T = 2000  grams 


On  Center 


R 

20-20 

40-40 

65-65 

Photo  No* 

277 

278 

279 

VT 

0 

0 

.07 

VT 

0 

0 

0 

F,/T 

0 

0 

0 

VT 

0 

0 

0 

F^/T 

*85 

.90 

.92 

VT 

•84 

.91 

*92 

F?/T 

0 

0 

0 

?3/t 

c 

0 

0 

VT 

0 

0 

0 

Pic/T 

0 

0 

.07 

Max*  pf 

45* 

44° 

45° 

Element 

#5 

#5 

#5 

Maximum  F/T  at  any  runout 
Maximum  angle  0 at  any  runout 
Fq/T  at  40-foot  runout 
?o/T  at  80-foot  runout 
Torque /T  at  40-foot  runout 
Torque/T  at  80-foot  runout 


16  ft.  Off  Center 


80-80 

25-15 

1.7-  33 

1 ~~ 

74-56 

89-71 

280 

281 

282 

283 

284 

.16 

0 

.11 

.21 

.24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.92 

1.10 

.99 

•86 

.92 

.92 

•56 

.77 

.98 

.92 

r\ 

V 

0 

c 

0 

0 

0 

0 

0 

0 

n 

V 

0 

0 

0 

0 

0 

.16 

0 

0 

0 

.01 

44° 

47° 

47° 

47° 

45° 

#5 

#6 

#6 

#6 

#5 

On 

Center 

16  ft  5 

Off  Cen 

0.92 

1.10 

45° 

47° 

0 

0.28 

0 

0.23 

A 

0.2?  ft 

0 

— 3 0 2 1 ■&. 
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Barricade  No.  1$ 

Largely  because  the  Included  angle  between  the  leading 
edges  of  wings  having  a sueepbaok  of  45°  has  the  particular 
value  of  90®,  such  a plane  lends  itself  to  a design  of 
barricade  which  will  distribute  the  force3  moderately  well 
and  at  the  same  time  keep  the  angle  f!  small.  Barricade  no* 

If?,  illustrated  on  page  109,  represents  such  a design*  Let 
it  be  assumed  that  one  desires  that  the  two  vertical  elements 
cf  a given  loop  be  20  feet  apart.  If  a rectangular  loop  of 
this  length  is  8.28  feat  high,  the  dimensions  are  such  that 
when  folded  over  thin  wings  the  collapsed  loop  will  complete 
a rectangle  of  which  the  leading  edges  of  the  wings  fora  two 
sides  and  the  folded  loop  the  other  two  sides.  (See  photographs 
on  page  110.)  Five  such  rectangular  loops  engage  the  wings* 

Each  of  these  loops  is  connected  by  two  rings  to  a different 
pair  of  longitudinal  elements.  Both  the  loops  and  the 
longitudinal  elements  are  free  to  slide  through,  the  rings* 

In  principle  each  fifth  loop  can  be  connected  to  the  same  pair 
of  longitudinal  elements,  though  tha  loopB  may  not  be 
sufficiently  long  when  folded  to  avoid  interference  from 
those  lcops  of  which  the  plane  engages  only  one  of  the  two 
vertical  e lament s.  Such  interference  can  be  avoided  by  ‘ ling 
more  than  5 pairs  of  longitudinal  elements,  say  by  using  7 
pairs  and  connecting  each  seventh  loop  to  a common  pair* 

The  photographs  on  pages  110  and  111  show  the  behavior 
of  the  barricade  for  a oenter  landing  and  a 16-foot  off-oenter 
landing  respectively,  the  arresting  engine  being  singly  reeved 
in  eaoh  case*  The  corresponding  tabular  data  are  shown  on  pages 
113  and  11L.  The  photographs  on  page  112  compare  the  behavior 
for  landings  0,  8,  16  and  24  feat  off  oenter,  all  at  a runout 
of  4®  feet  and  all  for  a singly  reeved  arresting  engine*  The 
corresponding  tabular  data  are  shown  on  page  115  o 

The  following  comments  will  aid  in  evaluating  the  merits 
of  this  barricade  for  an  engagement  with  wings  swept  back  45>°J 

1*  To  the  extent  that  one  is  concerned  with  the  forces  in 
the  vertical  elements,  the  angles  at  which  these  forces 
act,  the  component  of  force  toward  the  center  line  of 
the  deck,  and  the  torque  exerted  on  the  plane , Barricade 
No*  15  is  as  satisfactory  for  stopping  a 4£°  sweptrback 
wing  plane  as  No.  10  is  for  stopping  a straight  wing 
plane*  Comparison  of  the  tables  on  pages  114  and  49, 
eaoh  for  a 16-foct  off-center  landing,  shows  thati 

a*  The  maximum  F/T  is  0*54  for  No.  15  whereas  it 
was  0.47  for  No*  10* 

b*  Tile  maximum  angle  # is  22°  for  No.  15  whereas 
it  was  40°  for  No.  IQo 

c*  Fd/T  at  4.0-foot  runout  is  0.25  for  No.  15  whereas 
ir.  was  0:32  for  No-  10* 

d*  Torque/T  at  a 40”foot  runout  is  -6.1  ft.  for 
No*  13  whereas  it  was  -7.3  ft.  for  No.  10. 


Th*  tendency  of  the  impact  of  the  plane  to  push  centrally 
located  vertical  elements  farther  from  the  center  will  no 
doubt  result  in  an  actual  behavior  which  differs 
considerably  from  the  behavior  indicated  here*  As 
pointed  out  previously.  & "1  ilTil  ted  tendency  in  this 
direction  would  result  in  an  actxval  improvement.  The 
length  of  a rectang;ilar  loop  when  in  the  folded  position 
would  probably  prevent  this  tendency  becoming  so  great 
as  to  render  the  barricade  useless. 

Barricade  No.  15  would  be  far  from  satisfactory  for  engaging 
a plane  with  wings  swept  back  60°.  A sorne’-ihat  similar 
design.  No.  21,  however,  is  about  as  satisfactory  for  a 
6C°  sweepback  as  No.  15  is  for  a 4 5°  swoepback. 

Barricade  No.  1 5 has  two  disadvantages.  One  is  that  some 
of  the  longitudinal  elements  must  move  aoross  the  tail  fin 
as  the  engagement  takes  place,  thus  providing  an  excellent 
chance  of  undesirable  entanglement  with  the  fin.  The 
next  barricade  discussed.  No.  20,  represents  a modification 
which  will  reduce  but  not  eliminate  the  DCo.^ibility  of 
such  entanglement. 

Barricade  No.  1 5 also  suffers  from  the  fact  that  its 
behavior  upon  engaging  a plane  making  a skew  landing, 
or  a landing  in  which  the  plane1  s velocity  is  not 
parallel  to  the  center  line  of  the  deck  (fuselege 
parallel  to  velocity),  is  quite  different  from  its 
behavior  upon  engaging  a plane  the  fuselage  of  which  is 
parallel  to  the  center  line  of  the  deck.  It  is  true  that 
the  modified  force  distribution  for  a skew  landing  1* 
such  as  to  right  the  plane.  However,  relatively  large 
tensions  will  exist  in  those  vertical  elements  which 
form  a part  of  that  loop  connected  to  the  horizontal 
element  farthest  to  that  side  on  which  the  plane  wing 
is  most  forward  in  the  skew  landing. 
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Barricade  No0  1 5 S (or  D) 

Plane  Wiiiga  Swept  Back  45° 

Singly  Reeved  (or  Doubly  Reeved) 

Center  Landing 
Barricade  of  20-lb*  Nylon 
T = 2000  grams 


R 

1-1 

10-10 

20-20 

30-30 

4.0-40 

50-50 

65-65 

80-80 

Photo  No a 

132 

133 

13k 

135 

136 

137 

«•  n O 
JOO 

139 

F /T 

*15 

.25 

.29 

.33 

.33 

•35 

.36 

.38 

p2/t 

.12 

.15 

.19 

.19 

.19 

.20 

.21 

.23 

Pyi' 

• 11 

.12 

.13 

• Ik 

.13 

.15 

.16 

.17 

VT 

1 r-1' 

*47 

.18 

i r 

• xv 

• 19 

.20 

.21 

.23 

F$/T 

• 15 

• 2k 

.28 

.33 

• 32 

.35 

.36 

.38 

r&/  i 

.15 

•2k 

.28 

.33 

• 32 

.35 

.36 

.38 

Fo/T 

i 

Fq/T 

.12 

.15 

.18 

.19 

.19 

.20 

.21 

.23 

.11 

.12 

.13 

.14 

.13 

,15 

.16 

.17 

Pq/T 

.12 

.15 

.19 

.19 

.19 

.20 

a 21 

.23 

P /? 
1C- 

.15 

.25 

.29 

.33 

.33 

.35 

.36 

.38 

Max*  ^ 

16® 

11° 

11° 

10° 

140 

15° 

I3  A 

13° 

Element 

#1 

#1 

#1 

#1 

#1 

#1 

#1 

#1 

Mariniu-a  F/T  at  any  runout  * 0*38 

Maximum  angle  0 at  any  runout  « 16° 

Pj^/T  at  i^O-foot  runout  E 0 

P,yT  at  80- foot  runout  » 0 
*♦ 

Torque/T  at  40-foot  runout  * 0 
Torque/?  at  00-foot  runout  * 0 
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Barricade  No.  15  S 
Plane  Wings  Swept  Back  45° 

Singly  Reeved 
16-rt.  Off-center  Landing 
Barricade  of  20-lb.  Nylon 
T = 2000  grama 


R 

2-1 

13-7 

25-15 

36-24 

47-33 

58-42 

74-56 

90-70 

Photo  No* 

142 

143 

144 

145 

146 

147 

148 

"Jl-O 

F3/T 

.29 

•47 

.52 

.52 

.52 

.53 

•54 

• Sj. 

VT 

• 20 

.25 

.27 

.28 

.28 

.26 

.28 

.28 

F3/T 

.14 

.14 

.15 

.15 

-15 

.16 

.16 

,17 

VT 

*10 

.10 

.11 

• 12 

.12 

.13 

.15 

.16 

F5/T 

.05 

•06 

.09 

.12 

.13 

.16 

.19 

.22 

VT 

.29 

•45 

.51 

.52 

.52 

• 53 

.54 

•54 

1'7/T 

.20 

.25 

.27 

.28 

.28 

.28 

.28 

.28 

VT 

.14 

.14 

.15 

.15 

.15 

,16 

„16 

n r» 

© A $ 

lyi 

.10 

.10 

.11 

.12 

.12 

.13 

.15 

.16 

pio/* 

.05 

.06 

.09 

.12 

.13 

,16 

.19 

.22 

Max*  ^ 

23° 

21° 

21° 

20° 

20° 

22° 

22° 

22° 

Bloment 

#1 

# 1 

#1 

#1 

#1 

#1 

#1 

#1 

Maximum  P/T  at  any  runout  * 0.  54 

U n V 4 «■«  MM  A M A rH  M 4»  a.  ^ •••  ^ 5 

» m#wemw>i  JP  aw  Oiljf  I'UUUUW  » 

Pe/T  at  40"foot  runout  *»  0*25 
Pft/T  at  80-foot  rur.out  * 0.26 
Torque/T  at  40-foot  runout  a -6.1  ft. 
Torque/T  at  80-foot  runout  ® -3*8  ft. 


Barricade  No.  lf>  S 
Plana  Wings  Swept  Back  4-3»° 
Singly  Reeved 

Amount  Off-center  Indicated  Below 
Barricade  of  20 -lb.  Nylon 
T * 2000  grans 


Off  Center  0 

8 

16 

24 

R 

40-40 

43**3? 

47-33 

50-30 

Photo  No* 

136 

O 

\r\ 

H 

146 

151 

Px/T 

.33 

.38 

.52 

*66 

Pg/T 

.19 

.22 

.26 

.29 

pyx- 

.13 

.15 

.15 

.14 

P,  /T 
4-' 

.19 

.16 

.12 

.07 

VT 

Pa/T 

w 

.32 
• 32 

.24 

.37 

.13 

.52 

.06 

.65 

pyx 

.19 

.22 

.28 

.29 

Pq/T 

.13 

.15 

.15 

.14 

?9/t 

.19 

.16 

.12 

.07 

P />n 

-icy  * 

.33 

«l. 

.13 

eQ6 

Max*  0 

14* 

11 0 

20° 

27* 

Slams  nt 

#1 

#1 

#1 

#1 

Off  Center 

0 

6 

16 

24 

Maximum  P/T  at  4()-foot  runout 

0.33 

0.38 

0..52 

0.66 

Maximum  angle  0 at  40- foot 

runout 

14° 

11* 

20° 

27° 

P/T  at  40-foot  runout 

0 

0*14 

0.25 

0.43 

forquo/T  at  kO-foot 

runout 

0 • 

-1.9  ft. 

-6.1  ft. 

-6.7 

Ii6 


Barr lead*  No,  20 


Barricade  No,  20  is  of  the  same  design  R8  No,  15  except 
for  one  feature.  Whereas  in  No,  15  each  fifth  rectangular 
loop  was  connected  by  rings  to  a common  pair  of  longitudinal 
elements,  in  No,  20  each  third  rectangular  loop  is  connected 
to  a common  pair.  (See  photographs  on  page  1170  Thus,  in 
engaging  a plane  with  wings  swept  back  45°  # only  three  pairs 
of  longitudinal  elements  of  No.  20  are  operative;  there  were 
five  pairs  operative  during  an  engagement  with  No.  Ip.  That 
rectangular  loop  centrally  located  with  resoect  to  the  plan® 
is  the  only  loop  acting  on  one  pair  of  longitudinal  elements. 

On  each  other  pair  there  are  two  loops  acting,  one  to  the  port 
and  one  to  the  starboard  side  of  the  central  loop.  Hiis 
feature  reduces  the  tendency  for  the  longitudinal  elements  to 
move  across  the  tail  fin  as  the  plana  proceeds  after  initial 
engagement.  It  also  leads  to  a much  more  favorable  force 
distribution  upon  engaging  a plane  in  a skew  landingo 

The  series  of  photographs  on  pages  117  and  118  illustrate 
respectively  the  behavior  of  Barricade  No,  20  when  engaging  in 
a center  landing  and  a 16-fcct  off-center  landing  a plane  with 
wings  swept  back  irS°  • The  corresponding  tabular  data  are  shown 
on  page  119. 

The  distribution  of  forces  is  as  satisfactory  for  this 
barricade  as  it  was  for  No.  15«  There  is  much  less  chance  of 
entanglement  of  this  barricade  with  the  tail  fin  than  there 
was  for  No.  15.  Even  so,  oertain  elements  of  this  barricade 
still  operate  so  close  to  the  tail  fin  that  interference  is 
still  possible.  Unlike  the  situation  which  existed  for  No.  15, 
the  force  distribution  In  Barricade  No.  20  would  not  be  greatly 
different  for  a landing  in  which  the  fuselage  is  not  parallel 
to  the  center  line  of  the  deck  than  it  is  for  a landing  in 
which  the  fuselage  is  parallel  to  the  center  line. 
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Barricade  No*  20  S 
Plane  Wings  Swept  Back  45° 

Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20-lb«  Nylon 
T **  2000  grama 


On  Center 

16  ft.  Off  C&nter 

R 

20-20 

40-40  65-65 

80-80 

25-15 

47-33  73-57 

89-71 

Photo  No, 

2 45 

246 

247 

248 

249 

250  251 

252 

Pj/T 

liA 

***** 

• tfU 

47 

.33 

43  43 

.50 

Pj/T 

.20 

.30 

.34 

.35 

,2Z 

.28  .30 

.31 

VT 

.05 

.06 

• 11 

.12 

.10 

.04  .03 

.06 

VT 

.20 

.30 

•34 

• 35 

.22 

.22  .26 

.30 

Pj/T 

.31 

.40 

J.  A. 

• *f  V 

47 

.19 

.24  *29 

.36 

VT 

•31 

.40 

I.A 

47 

.38 

43  43 

.50 

Py/T 

.20 

.30 

•34 

.35 

.22 

.28  .30 

.31 

V* 

.05 

-06 

.11 

.12 

.10 

,04  .03 

.06 

F9/T 

• 20 

• 30 

•34 

•35 

,22 

.22  .26 

.30 

?10/T 

• 31 

.40 

.46 

47 

.19 

.24  .29 

.36 

Max,  ^ 

1*1° 

400 

39C 

400 

29° 

33°  36° 

38° 

Element 

#1 

#1 

#1 

#1 

#1 

#1  #1 

#1 

On 

(' A r>  f a — 

*1  6 4*  4.  r\  4*  4*  n - — a - - 

J.C  i w • va  x wcrukor 

Maximum  F/T 

1 at  any 

runout 

0.47 

0.50 

Maximum  angle  at 

any  runout 

410 

38° 

Fjj/T  at  I4.O- 

foot  runout 

0 

0.17 

VT 

at  80«» 

foot  runout 

r\ 

\f 

0.12 

Torque/T  at  4-0 -foot 

; runout 

0 

-1.1  ft. 

Torque/T  at 

80-foot 

; runout 

0 

-1.0  ft. 
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Barricade  No*  21 

Although  Barricade  Nos.  1.5  and  20  have  some  distinct 
advantage  Tor  planes  with  wings  swept  back  45°#  they  would 
be  unsatisfactory  for  planes  with  wings  swept  back  60°.  It 
is  possible,  however,  to  design  a barricade  similar  in  principle 
to  No.  15  or-  to  No.  20  which  gives  a comparable  behavior  for 
the  larger  angle  of  sweepback.  Nos.  21  and  22  are  barricades 
designed  to  engage  planes  with  wings  swept  back  60°. 

Barricade  No.  21  is  illustrated  by  the  diagram  on  page  121. 
It  is  constricted  of  successive  rectangular*  loops  28  feet  long 
and  i;. 30  feet  high,  each  loop  being  offset  4 feet-  •i  o sen  tally 
from  the  preceding  loop.  The  dimensions  of  each  rectangular 
loop  are  such  that  when  the  loop  is  folded  over  the  wing  the 
elements  of  the  loop  can  pull  in  directions  perpendicular  to 
the  leading  edges  of  the  two  wings.  Each  loop  is  connected 
to  a pair  of  longitudinal  eloiuoiito  by  a ring  at  its  top  and 
a ring  at  its  bottom.  Both  the  loop  and  the  longitudinal 
element  are  free  to  slide  through  the  rings.  Each  third 
loop  is  connected  to  a common  pair  of  longitudinal  elements* 
Thus,  three  pairs  of  longitudinal  elements  are  operative 
during  an  engagement,  one  rectangular  loop  being  attached  to 
each  pair. 

The  series  of  photographs  on  pages  122  and  123  show 
respectively  the  behavior  of  this  barricade  when  engaging  in 
a center  landing  and  a 16-foot  off-center  landing  a plan* 
with  wings  swept  back  60°.  Corresponding  data  are  shown  on 
page  124-*  Vertical  elements  »t  positions  4»  5>  6 and  7 ar* 
not  shown  engaged  with  the  wings  in  the  photographs,  nor  are 
data  given  for  them  in  the  table.  Although,  the  so  elements 
would  actually  be  engaged,  they  would  be  Inoperative;  the 
rect angular  loops  of  which  they  are  parts  each  has  but  one 
of  its  two  vertical  elements  engaged  with  the  plane. 

The  forces  in  the  vertical  elements  of  this  barricade 
are  well  distributed;  however,  they  are  significantly  higher 
than  those  of  the  equivalent  barricade  (No.  15)  for  engaging 
a plane  with  wings  swept  back  45® • Here,  as  for  No.  15  for 
the  45*  avaepback,  there  is  great  chance  of  entanglement  of 
elements  with  the  tail  fin  as  the  longitudinal  elements  move 
across  the  fin  during  the  runout.  Barricade  No.  22,  to  b* 
discussed  next,  minimizes  the  tendenoy  for  the  longitudinal 
elements  to  move  across  the  tail  fin,  but  does  not  eliminate 
chance  for  other  entanglement.  As  was  the  case  for  No.  15 
when  engaging  wings  with  a 45°  sweepback,  the  force  distri- 
bution in  Barricade  No.  20  when  engaging  a plane  with  wings 
swept  back  60°  is  much  less  favorable  for  a landing  in  which 
the  fuselage  is  not  parallel  to  the  center  line  of  the  deck 
than  for  a landing  in  which  the  fuselage  is  parallel  to  the 
oenter  line. 
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Barricade  No*  21  S 


*»  ! . 
XSJI 


Plan©  Wings  Swept  Back  60° 


Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  2U-lb.  Nylon 
T **  2000  grams 


On  Can 

f.ft  r» 

16  ft.  Off  Center 

R 

20-20 

40-40 

65-65 

80-80 

25-15 

47-33  74-56 

90-70 

Photo  No* 

261 

262 

263 

264 

265 

266  267 

268 

Px/T 

*48 

.54 

.60 

.61 

.81 

*8l  .86 

•94 

VT 

.31 

.35 

.39 

*42 

.37 

.39  *43 

.50 

PyT- 

> 

*qh 

•54 

• 60 

.61 

.27 

.35  .43 

.52 

VT 

py'T 

VT 

p7/t 

Pa/T 

».  C 

tn. 

*60 

.61 

.81 

.31  .86 

•94 

P</T 

Ol 

• 35 

.39 

.42 

.37 

.39  *43 

.50 

sv  _/t 

*ltr 

*48 

• 54 

.60 

.61 

.2? 

.35  .43 

•52 

Max*  j? 

7* 

7° 

70 

8° 

13° 

13°  13* 

13° 

Element 

#i 

#3 

#3 

#3 

#8 

#8  #8 

#8 

On  G 

ienter 

16  ft.  Off  Center 

Maximum  P/t 

1 at  any 

runout 

A 

\J  * 

61 

0.94 

Maximum  angle  j?  at 

any  runout 

8° 

13° 

Vt  *t  40- 

root  runout 

0 

0-?2 

?C/T  at  30- 

root  aUILUU4 

U 

0.27 

Torque/T  at  runout 

a 

-3.2  ft. 

Torque/T  at 

80- foot  runout 

0 

-1.9  ft. 

125 


Barricade  No.  22 


Barricade  No.  22  is  of  the  same  design  as  No.  21  except 
for  one  feature.  Whereas  in  No?  21  each  third  loop  was 
connected  by  rings  to  a common  pair  of  longitudinal  elements, 
in  No.  22  each  second  loop  is  connected  to  a conxnon  pair. 

(See  photographs  on  page  126.}  Thus,  upon  engaging  a plane 
with  wings  swept  back  60°,  only  two  pairs  of  longitudinal 
elements  of  No.  22  are  operative?  there  were  three  pairs 
operative  during  an  engagement  with  No.  21.  The  design  of 
No.  22  eliminates  to  a large  extent  movement  of  the  longitudinal 
elements  across  the  tail  fin  aw  the  plane  proceeds  beyond  the 
initial  engagement.  It  also  leads  to  a more  favorable  force 
distribution  than  No.  21  for  a landing  in  vhiah  the  fuselage 
is  not  parallsl  to  the  center  lino  of  the  deck. 

The  series  of  photographs  on  pages  126  and  127  illustrate 
respectively  the  behavior  of  Barrioade  No.  22  when  engaging 
in  a center  lending  and  a 16-foot  off-center  landing  a plane 
with  wings  swept  back  60°.  ‘Iho  corresponding  tabular  data 
are  shown  on  page  128.  Vertical  elements  at  positions  4.,  5, 

6 and  7 are  not  shown  in  the  photographs;  they  are  never 
operative  as  explained  in  discussing  Barricade  No.  21. 

The  distribution  of  forces  in  Barricade  No.  22,  particularly 
for  a 16- foot  ofr-oentsr  landing,  is  as  satisfactory  as  the 
distribution  was  for  Barricade  No.  21.  Furthermore,  the 
maximum  values  of  F/T  and  0 for  a 16-foot  off-center 
engagement  o?  No.  22  are  not  significantly  different  from  the 
corresponding  values  for  a center  landing.  The  tendenoy  for 
longitiidinal  elements  to  move  across  the  tail  fin  is  much 
le3B  for  No.  22  than  for  No.  21.  Unfortunately  in  No.  22  as 
well  as  in  No.  21  the  loops  engaging  the  plane  wings  extend 
back  suf riciently  far  that  the  tail  fin  would  interfere  with 
the  loops  themselves.  Inspection  of  either  the  design  e?  the 
photographs  shows  that  Barrioade  No.  22  is  superior  to  No*  21 
in  another  respect.  For  No.  22  the  force  distribution  is  much 
the  same  for  a landing  in  which  the  fuselage  is  not  parallel 
to  the  center  line  of  the  deck  as  it  is  for  a landing  in  which 
the  fuselage  is  parallel  to  the  center  line. 
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Barricade  No*  22  S 
Plana  Kings  Swept  Sack  60 ~ 

Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20 -lb.  Nylon 
T **  2000  grama 


On  Center  16  ft.  Off  Center 


R 

20-20 

40-40 

65-65 

80-80 

26- 14 

40-32 

74-56 

90-70 

Photo  No. 

269 

270 

271 

272 

273 

274 

275 

276 

VT 

*62 

.69 

.71 

.77 

.66 

.82 

.74 

,72 

VT 

.37 

.37 

.42 

.52 

• 32 

.39 

.44 

.47 

P3/T 

.62 

.69 

*71 

.77 

.41 

.57 

.57 

.63 

VT 

fVt 

VT 

VT 

VT 

.62 

.69 

.71 

.77 

• 66 

.82 

.74 

.72 

f«,/T 

.37 

.37 

.42 

.52 

• ^C. 

• -// 

)» li 

*47 

P1C/T 

.62 

.69 

.71 

• 77 

.41 

.57 

.57 

.63 

Max.  ^ 

25* 

26° 

28° 

29° 

24° 

24’ 

28® 

filemant 

#1 

#1 

#1 

#1 

#1 

#1 

#1 

#1 

On 

Csntdr 

16  ft. 

Off  Center 

Maximum  F/T  at  any  runout 

0,77 

0*82 

Maximum  angle  ^ at  any  runout 

29°  • 

28® 

?0/'T  at  40-foot  runout 

0 

0.18 

Fo/T  at  80-foot  runout 

0 

0,12 

Torque /T  at  40-foot  runout 

0 

1.2  ft 

Torque/T  at  80- foot  runout 

0 

0*5  ft 
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Barricade  go«  23 

It  is  possible  that  a.  barricade  built  in  two  sections  in 
such  a manner  that  one  or  more  elements  of  each  section  engage 
the  plane  in  a scissors-like  manner  might  be  advantageous  in 
stopping  planes  with  sveptback  wings*  While  in  principle  the 
scissors-like  action  might  take  place  in  either  a vertical  or 
a horizontal  plane,  it  appears  that  the  horizontal  arrangement- 
would  have  several  advantages*  Barricade  No..  23  was  designed 
to  operate  in  this  manner.  Its  construction  is  shown  by  the 
diagram  on  page  131  • That  part  of  the  barricade  connected  to 
the  port  purchase  oable  is  entirely  separate,  exoept  perhaps 
for  light  sewing,  from  that  part  connected  to  the  starboard 
purchase  cable*  As  the  nose  of  the  plane  engages  the  barricade 
and  passes  between  adjacent  vertical  elements,  that  part  of 
the  barricade  attached  to  the  port  purchase  cable  will  pull 
on  the  starboard  wing  of  the  plane;  that  part  of  the  barricade 
attached  to  the  starboard  purchase  oable  will  pull  on  the 
port  wing  of  the  plane.  Such  a design  will  obviously  lead  to 
rather  large  foroes  in  certain  of  ths  vortical  elements,  but 
it  has  a number  of  distinct  advantages  over  other  deaigne. 

In  making  observations  on  this  particular  barricade  only 
the  two  vertical  elements  nearest  the  nose  of  the  plane,  ono 
on  either  sido  of  the  nose,  were  attaohed  to  the  wings  at  the 
points  «here  they  originally  cone  into  contact  with  the  leading 
edge.  There  would  be  little  tendency  for  these  two  elements  to 
slip.  Other  vertical  elements,  all  of  which  would  have  a 
tendency  to  slip  a limited  distance,  were  attached  to  the  wings 
at  the  aDproximate  positions  they  would  assume  after  slipping* 
The  photographs  show  10  elements  engaged  with  the  45°  swept- 
back  wings,  and  14  elements  engaged  with  the  60°  awoptback 
wings*  In  the  latter  case  the  elemnts  engaging  the  plane 
are  numbered  coni e cut ively  from  1 to  14*  starting  at  the 
port  side* 

The  eerie s of  photographs  on  pages  132  and  133  illustrate 
respectively  the  behavior  of  this  barricade  as  it  engages  a 
plane  with  wings  swept  back  45°  in  a center  landing  and  a 
16-foot  off-center  landing.  The  corresponding  tabular  data 
are  shown  on  page  134°  The  series  of  photographs  on  pages  135 
and  136  6how  ths  behavior  of  the  barricade  engaging  a plane 
with  wings  swept  back  60°  in  a center  landing  and  a 16-foot 
off-center  landing.  Corresponding  tabular  data  ars  shown  on 
page  13?. 

Barricade  No.  23  has  several  distinct  advantages  and  one 
somewhat  serious  disadvantage • The  fallowing  conclusions  oar. 
be  drawn  from  the  tables  end  photographs 0 

1-  As  regards  the  maximum  angle  jtf,  the  component  of  force 
toward  ths  center  line  of  the  dock,  and  the  torque 
exerted  on  the  plane,  Barricade  No.  23  is  as  satisfactory 
for  engaging  a plane  with  wings  swept  b&clc  either  45*  or 
60 0 as  Barricade  No.  10  is  for  engaging  a plane  with 
straight  wings. 


Barricade  No.  23  offers  little  or  no  chanoe  of  entanglement 
with  the  tail  fin  during  engagements  with  planes  having 
aweptbaok  wings. 

■Should  a vertical  element  of  Barricade  No*  23  fail*  the 
barricade  does  not  be corns  inoperative ; another  element 
which  haa  been  inoperative  aooepts  the  load  under 
oircumstanoes  which  are  not  rauoh  more  unfavorable 
than  those  under  which  the  first  element  operatedc. 

Although  Barrioade  No.  23  exerts  its  major  forces  on  the 
plane  at  points  considerably  ahead  of  the  center  of  mass 
of  the  plane,  any  tendency  of  the  plane  to  skew 
immediately  produces  a torque  which  opposes  the  skew. 

ftie  major  defect  of  Barricade  No,  23  is  the  fact  that  the 
two  vertical  elements  located  immediately  next  to  and  on 
either  side  of  the  fuselage  must  provide  nearly  the 
entire  force  to  stop  the  plane*  The  ratio  F/T  in  theae 
two  elements  is  1.00  or  slightly  under.  It  is  not 
greatly  different  for  a center  and  an  off-center  landing; 
nor  la  it  greatly  different  for  a plane  with  wings  swept 
back  l±5°  and  one  with  wings  swept  back  60°j  nor  is  it 
greatly  different  for  a landing  in  which  the  fuselage  is 
not  parallel  to  the  center  line  of  the  deck  and  one  in 
which  the  fuselage  i2  parallel  to  the  center  line.  The 
forces  in  these  two  elements  sre  approximately  twice  the 
maximum  forces  encountered  in  a 16-foot  off-center 
engagement  of  Barricade  No.  10  with  a straight- wing 
plane.  The  fact  that  these  forces  are  localized  at 
points  where  the  leading  edges  of  the  sweptback  wings 
Join  the  fuselage  is  both  advantageous  and  disadvantageous. 
The  localization  will  require  that  the  wing  withstand  a 
large  force;  but  the  force  is  applied  at  the  strongest 
part  of  the  wing.  Localization  of  these  forces  at  points 
oonsiderably  ahead  of  the  center  of  mass  of  the  plane 
would  provide  a degree  of  instability;  this  tendency 
would  probably  be  offset  satisfactorily  by  the  large 
restoring  torque  brought  into  play  by  any  degree  of 
skew. 
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Barricade  No.  23  S 
Plane  Wings  Swept  Back  45° 

Singly  Reeved 

Amount  Off  Center  Indicated  Below 
Barricade  of  20-lb • Nylon 
T * 2000  grams 


On  Canter 

X 

.6  ft.  Off  Center 

R 

20-20 

4.0-40 

65-65 

8O-0O 

27-13 

49-31  76-54 

91-69 

Photc  No* 

285 

286 

287 

288 

293 

294  295 

296 

p.  /T 

A* 

.06 

.20 

.29 

.33 

.26 

.35  .42 

.45 

P^/T 

0 

0 

0 

0 

0 

0 0 

0 

P«/T 

0 

0 

c 

A 

V 

0 

0 0 

0 

VT 

A 

0 

0 

0 

0 

0 0 

0 

?5/T 

.92 

.89 

.87 

;80 

.96 

.98  .90 

.84 

f$/t 

.92 

.89 

.87 

.80 

.90 

.35  *30 

.75 

f7/t 

0 

0 

0 

0 

0 

0 0 

0 

Pq/T 

0 

0 

0 

0 

0 

0 0 

0 

VT 

0 

0 

Q 

0 

0 

0 0 

0 

?io/T 

.05 

.18 

.28 

.32 

0 

.04  .15 

• 21 

Max*  £ 

8° 

9® 

9° 

9° 

9° 

no  90 

9° 

Element 

#6 

#6 

#6 

#6 

#6 

#6  #6 

#6 

On  Center 

16  ft.  Off  Center 

Maximum  P/ 

T at  any  runout  0, 

► 92 

0.98 

Maximum  angle  0 at  any 

runout 

9° 

9° 

V- 

; at  43- foot 

xunout 

0 

0.30 

P0/T  at  80 

-foot 

runout 

0 

0.13 

Torque/T  at  4.0-foot  runout 

0 

-3.8  ft. 

Torqu»/T  at  80-f 

oct  runout 

0 

-3.9  ft. 

B 

! 

> • 

I 

&— J 

\rE  *'*- 
Lr  U ‘ 

PgCTP 
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Barricade 

No.  23  S 

* 

Plane  Wings  S 

ept  Back 

60° 

lr 

Singly  Re 

eved 

I Amount  Off  Center  Indicated 

Below 

"1 

Barricade 

of  20- 

•lb.  NjXon 

T = 2000 

gram a 

On  Center 

lb  ft. 

Off  Center 

t 

R 

20-20 

40-40 

65-65  80«*($0 

26-14 

46-32 

•-  / -/i 

91-69 

t 

r 

Photo  No* 

300 

301 

302 

303 

304 

395 

306 

307 

tk' 

VT 

0 

0 

.09 

.13 

0 

.li*. 

• 24 

« 26 

& 

Po/T 

0 

0 

0 

0 

C 

0 

** 

0 

VT 

0 

0 

0 

0 

0 

0 

0 

0 

fe 

jfr 

VT 

0 

0 

0 

0 

0 

0 

0 

0 

i- 

P^/T 

0 

0 

0 

0 

0 

0 

0 

0 

i* 

s; 

V* 

0 

0 

0 

0 

0 

0 

0 

0 

• 

p7/t 

1.00 

1.00 

.9« 

.95 

1.00 

1.00 

1.00 

1.00 

F 

$ 

r • 

VT 

1.00 

1.00 

.98 

.95 

1.00 

.94 

.90 

.87 

P 

» 

'7 

V] 

0 

0 

0 

0 

0 

0 

0 

C 

K 

S • 

F-  ~/T 

Q 

0 

0 

0 

0 

0 

0 

0 

P _ 

t . 

*u/T 

Q 

0 

u 

0 

0 

A 

\J 

A 

V 

0 

jk 

»* 

Pia/T 

0 

0 

0 

0 

0 

0 

0 

0 

*»• 

* 

p13/t 

0 

0 

0 

0 

0 

0 

0 

A 

w 

W’T 

0 

0 

.09 

.13 

0 

0 

0 

.01 

pi’ 

* i 

Max.  0 

26° 

33° 

•%ii® 

~~r 

34® 

34° 

34» 

34* 

34° 

i 

r i 

i 

I 

Wl  flnxmfc 

#7 

ifl 

#7 

#7 

$8 

#8 

#8 

#8 

- 

On 

Center 

16  ft. 

Off  Center 

ij 

Maximum  P/T  at  any  runout 

1.00 

1.00 

r»' 

*; 

Maximum  angle  pf  at  any 

runout 

34° 

34° 

Si" 

er 

1 - 

P0/T  at  40- 

-foot 

runout 

0 

0.26 

»* 

i, 

V- 

i*  at  80 

-foot 

runout 

0 

0.25 

f 

Sfc  ! 

Torque/T  at  4 0 -foot  runout 

0 

A •*%  ***. 

Vi  Jj?  iV« 

t 1 

i 

- » 

Tor quo /T  at  30-foot  runout 

0 

•3.4  ft. 

SUMMARY  OF  BARRICADE  CHARACTERISTICS  (SWEPT3ACK  WINGS) 

Collected  in  the  following  table  are  the  measured  oharacter- 
iatics  of  all  barrio&dos  for  which  engagements  with  sweptbaok 
wings  were  studied,.  All  data  are  for  static  conditions*  No 
allowance  has  ceen  made  for  the  variable,  thickness  of  th©  wing* 


CONCLUSIONS 


JO? 


The  measured  statlo  characteristics  of  a number  of  possible 
barrioodos  for  engaging  planes  with  straight  wings  have  been 
summarized  in  the  table  on  pago  88.  Similar  measured  character- 
istics of  possible  barricades  for  engaging  planes  with  swept— 
back  wings  have  been  summarized  on  pa^e  13$.  Certain  conclusions 
concerning  many  of  the  barricades  studied  have  been  discussed  in 
the  sections  in  v&ich  the  respective  data  were  presented.  Con- 
clusions presented  here  will  therefore  be  of  a somewhat  more 
general  nature. 

The  group  is  fully  aware  of  the  limitations  of  the  data 
presented  in  this  report.  They  are  all  for  static  conditions, 
whereas  dynamic  conditions  actually  prevail.  The  difference 
between  dynamic  and  static  characteristics  will  often  be  quite 
significant.  No  allowance  has  been  mads  for  the  fact  that 
barricade  elements  will  slip  along  the  leading  edges  of  the 
wings,  though  it  is  recognized  that  slippage  may  influence 
the  situation  considerably.  No  allowance  has  been  made  for 
the  fact  that  the  wings  of  conventional  planes  are  swept  back 
at  a small  angle,  nor  for  the  fact  that  wings  are  thicker 
near  the  fuselage  than  near  the  tip.  All  observations  were 
made  using  20- lb.  nylon  as  a barricade  material,  and  the 
barricade  elements  were  subjected  to  tensions  far  below  their 
breaking  strength.  Elements  engaged  with  the  wings  of  a model 
plane  suf fered  elongations  of  from  2 to  7 por  cent,  whereas  the 
percentile  elongations  in  an  actual  barricade  would  be  much 
greater. 

In  spite  of  limitations  of  the  data,  consideration  of  the 
general  barricade  problem,  aided  materially  by  the  studies 
presented  in  this  report,  has  led  the  group  to  the  foli  c wing 
conclusions i 

lo  Neglecting  all  other  operations  which  prescribe  and 
limit  space  assignment  on  the  larding  deck,  it.  seems 
clear  that  the  best  solution  to  the  barricade  problem 
would  be  to  dispense  with  the  barricade  and  lei  those 
few  planes  whioh  are  not  stopped  by  an  arresting  cable 
or  » barrier  go  into  the  sea*  The  average  in  Jury  to 
personnel  and  damage  to  planes  which  would  result  from 
this  procedure  would  probably  be  less  than  it  is  from 
attempting  to  stop  these  planes  with  Lhe  conventional 
barricade.  Future  increases  in  the  speeds  of  planes, 
coupled  with  the  certain  vise  of  aweptback  wings,  will 
increase  materially  the  difficulty  of  providing  a satis- 
factory barricade  of  the  conventional  type.  Even,  apart 
from  the  possibility  of  using  a Agoing- into- the-eea 
b&rrioade, " there  is  much  to  be  said  for  the  existence 
of  separate  and  simultaneously  usable  launching,  landing 
and  parking  facilities.  Uie  desirability  of  such 
facilities  is  greater  on  a large  carrier  having  a 
correspondingly  larger  complement  of  planes,,  than  on  s 
small  carrier.  It  is  the  opinion  of  this  group  that 
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the  advantages  cf  separate  facilities  will  ultimately  lead 
tc  their  ins tall&ti on  on  large  carriers,  and  that  in  such 
instance  the  conventional  barricade  should  be  eliminated 
and  the  plans  allowed  to  go  into  the  sea. 

2.  The  small  or  medium  carrier,  which  certainly  warrants  a 

place  in  the  over-ail  carrier  picture,  presents  a different 
problem.  Separate  launching,  landing  and  parking  facili- 
ties can  probably  never  be  provided  without  an  untenable 
reduction  in  the  plane  complement.  Some'  deck  barricade 
will  probably  always  ba  necessary.  There  appear  to  be 
only  two  ways  in  which  its  use  might  be  avoided*  One 
way  would  ba  to  land  all  incoming  planes  on  the  surface 
of  the  sea  rather  than  on  the  deck  of  the  carrier. 

Although  it  is  too  early  to  evaluate  the  results  of 
studies  of  surface  landings  now  being  made,  this  group 
is  not  at  all  optimistic  that  surface  landings  on  the  aea 
will  ever  prove  sufficiently  satisfactory  that  they  can  be 
utilised  exclusively  in  carrier  operation.  If  they  cannot 
be  used  exclusively  their  utilization  would  not  allow 
elimination  of  the  barricade.  Another  way  of  avoiding 
use  of  a barricade  would  be  to  reduce  materially  the  safe 
landing  s of  planes.  A sufficient  reduction  can 

probably  be  accomplished  only  through  use  of  some  lift 
such  as  that  provided  in  the  helicopter.  Addition  of 
facilities  to  provide  such  a lift  would  certainly  reduce 
the  plans  performance  materially.  It  appears  very  doubtful 
to  this  group  that  the  Navy  will  wish  to  sacrifice  the 
maximum  performance  that  can  be  attained.  It  therefor© 
seems  likely  that  some  form  cf  barricade  will  always  bs 
necessary  on  small  and  medium  carriers. 

3»  Prom  general  consideration  of  the  requirements  which  should 
be  met  by  a barricade,  one  can  scarcely  escape  the  con- 
clusion that  the  barricade  should  behave  in  many  respects 
like  a flexible  rubber  diaphragm  the  mbber  of  which  is 
capable  of  great  stretch  before  failure.  Lack  of  a 
material  which  can  bo  stretched  sufficiently  without 
failure  and  at  the  same  time  meet  other  requirements  of 
strength,  durability,  etc.,  will  probably  make  it  necessary 
to  employ  a finite  number  of  elements  instead  of  a oontinuum. 
Outside  of  necessary  strength  and  durability,  the  most 
important  property  of  the  barricade  material  is  its  ability 
to  suffer  great  stretch  without  failure.  Without  consid- 
erable stretch  there  is  little  hope  of  equalizing  even 
approximately  the  stresses  In  various  parts  of  the 
barricade. 

4.  In  comparing  different  possible  barricade  designs,  it  is 
surprising  how  little  difference  there  really  is  between 
tne  force  distribution  in  the  best  design  and  that  in  the 
poorest  design.  Likewise,  for  an  off- center  landing.  It 
is  surprising  how  little  the*  design  affects  the  magnitude 
or  direction  of  the  component  of  force  exerted  on  the 
plane  toward  the  center  line  of  the  deck,  or  the  magnitude 
or  direction  of  the  torque  tending  to  turn  the  plane. 
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Consider  a barricade  consisting  of  vertical  s laments, 
operating  between  longitudinal  elements  which  are  in  turn 
attached  to  the  arresting  engine  at  either  side  of  the 
jleok.  Assume  that  tan  vertical  elements  engage  the  wings 
of  the  plane.  Let  the  tension  in  the  hojo  cable-  be  T. 
Regardless  of  the  design  of  the  barricade,  th«  smallest 
possible  tension  in  the  most  stressed  vertical  element 
would  be  Q»20  T.  This  will  be  the  case  only  when  the 
forces  in  all  vertical  elements  are  equal,  and  when  they 
ar®  all  parallel.  If  under  the  worst  distribution  possible 
only  one  of  the  ten  elements  is  operative,  the  tension,  in 
this  element  would  have  a maximum  value  of  2.0  T*  Thu? 
there  is  a range  of  but  tan  to  one  between  possible 
extremes.  One  can  scarcely  hope  to  attain  in  practice 
the  minimum  extreme  0.20  T;  the  value  0.30  T would  be  a 
more  practical  one  for  which  to  strive.  At  the  other 
extreme,  it  is  easy  to  design  a barricade  for  which  the 
maximum  tension  in  a vertical  clement  la  1.0  T.  This 
would  be  the  tension  if  there  were  but  two  vertioal 
elements  operative,  provided  the  forces  in  these  elements 
were  equal  and  parallel.  Hius  the  practical  range  within 
which  improvements  are  possible  is  reduced  to  approximately 
three  to  one.  Although  inspection  of  the  tabular  summaries 
on  pages  88  and  138  shows  that  the  torque  exerted  on  the 
plane  does  depend  appreciably  upon  the  decig-.  of  the  barri- 
cade. the  torque  provided  by  nearly  all  configurations  is  so 
small  that  the  effect  is  probably  of  little  signif icsnoco 

f>.  Although  for  any  off-center  landing  it  might  be  desirable 
that  the  barricade  exert  on  ohe  plane  a component  of  force 
toward  the  oenter  1 iuv  Oi  the  deck  and  a torque  which 
turns  the  plane  toward  the  center  line,  it  is  the  opinion 
of  this  group  that  neither  of  these  characteristics  is  of 
great  importance  in  the  design.  Almost  any  design  will 
provide  a component  of  force  toward  the  center  line  for 
any  off-center  landing.  Inspection  of  the  tabular 
summaries  on  pages  88  and  138  shows  ihut  • .*/  one  of  fcha 
many  configurations  studied  failed  to  provide  such  a force. 
That  one  was  Barricade  No..  lf  doubly  reeved,  a design 
whi  oh  Ouo  would  never  consider  seriously  anyway.  Further 
inspection  of  the  tabular  summary  on  page  80  shows  that 
of  all  the  barricades  for  straight- wing  studied. 

No.  10  provided  much  the  most  unfavorable  tvrque.  The 
deaign  of  this  barricade  was  essentially  the  same  as  the 
barrioad®  now  in  use  for  stopping  straight-wing  planes. 

The  group  is  aware  of  no  *’?jor  defect  in  the  operation 
of  this  barricade  which  could  be  attributed  to  a highly 
unfavorable  torque.  The  group  is  therefore  inclined  to 
believe  that  the  magnitude  or  the  direction  of  the  torque 
exerted  or.  the  plane  is  of  little  significance.  This 
opinion  must  be  tempered  by  the  following  fact.  Whereas 
Barricade  No.  10  provides  a relatively  large  unfavorable 
torque  when  engaging  a plane  with  straight,  thin  wings, 
it  would  exert  a torque  at  least  less  unfavorable  on  a 
conventional  straight-wing  plane  the  wings  of  which  are 
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actually  not  only  swept  back  slightly  bat  are  also  thicker 
near  Lhe  fuselage  than  near  the  tin.  in  engaging  a 
conventional  straight-wing  plane.  Barricade  No.  10 
might  wall  provide  a much  smaller  torque,  perhaps  more 
nearly  nQuel  to  that  shewn  in  the  table  on  page  86  i or 
Barricade  No.  11  engaging  a plane  with  truly  straight, 
thin  wings* 

6*  It  iu  the  opinion  of  this  group  that  slippage  of  barricade 
elements  along  the  leading  edges  of  the  wing3  contributes 
materially,  f.nd  usually  unfavorably,  to  the  behavior  of 
the  barricade.  Slippage  is  almost  certainly  responsible 
to  a considerable  extent  for  the  tearing  of  both  the 
barricade  element  and  the  wing#  'faring  induced  by 
slippago  probably  occurs  only  whan  the  slipping  elements 
are  under  large  tension*  Slippage  of  lightly  stressed 
elements  is  probably  not  objectionable.  The  principal 
way  to  minimise  slippage  is  to  utilize  a barricade  design 
for  which  the  elements  pull  in  a direction  more  or  less 
perpendicular  to  the  leading  edge  of  the  vying. 

7*  In  order  that  a barricade  shall  operate  reliably  it  is 
essential  to  avoid  entanglement  of  the  barricade  elements 
with  the  tail  fin  of  the  plans.  It  is  of  course  conceivable 
that  such  interference  might  aid  materially  in  stopping  the 
plane,  but  cna  could  not  rely  upon  it.  Since  unpredictable 
entanglements  would  often  interfere  seriously  with  the 
normal  behavior  of  the  barricade,  it  is  highly  desirable 
to  avoid  them  as  completely  as  possible.  In  general  it 
appears  that  in  order  to  minimize  entanglement  it  will 
be  necessary  to  keep  the  vertical  elements  sufficiently 
short  and  to  utilise  a design  in  which  there  is  no 
tendency  of  the  longitudinal  elements  to  move  laterally 
across  the  tail  fin  as  the  plane  proceeds  on  its  runout. 
Tendency  of  the  longitudinal  elements  to  move  across  the 
tail  fin  can  be  eliminated  in  either  of  two  ways,  by 
using  a design  in  whioh  effectively  a single  pair  of 
longitudinal  elements  is  attached  to  the  vertical 
elements  in  such  a manner  that  they  remain  near  the  wing 
tips  at  all  times  (as  in  3arricade  No.  9#  page  34)#  or 
by  utilizing  a design  (similar  to  Barricade  No.  10, 
page  4-3)  in  which  any  one  of  a series  of  multiple 
longitudinal  elements  is  attached  to  two  vertical 
elements  one  of  which  is  on  either  side  of  the  plane* 

The  use  of  multiple  longitudinal  elements  (as  in  Barricade 
No.  17#  page  72)  in  which  but  a single  vertical  element  is 
attached  to  each  longitudinal  element  will  always  increase 
the  possibility  of  entanglement. 

8*  It  is  of  considerable  importance  that  a barricade  design 
should  lead  to  a favorable  distribution  of  forces  upon 
engaging  not  only  a plane  in  a normal  landing  but  also 
a plane  of  which  the  fuselage  io  not  parallel  to  the 
center  line  of  the  deck.  One  therefore  desires  that 
the  force  distribution  in  a barrioade  be  as  nearly 
independent  as  possible  of  the  angle  at  which  the 
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fuselage  of  the  engaging  plane  is  oriented  with  respect 
t-o  the  center  line  of  the  deck.  Fulfillment  of  this 
desire  may  or  may  not  result  in  a favorable  torque  but, 
as  stated  previously,  the  torque  is  probably  of  secondary 
significance.  In  principle  a considerable  dcg-~»e  of 
independence  can  be  attained  in  either  of  two  ways. 

Two  or  more  vertical  elements  can  he  connected  to  a 
pa?.r  of  longitudinal  elements  in  such  a manner  that  all 
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elements  during  a landing  in  --ihich  the  fuselage  is  not 
parallel  to  the  center  line,  it  is  necessary  that  the 
length  of  that  part  of  a given  longitudinal  element  betwr; 
the  purchase  cable  and  the  first  vertical  element  attach/.' 
to  it  become  greater  on  one  side  of  the  plan**  and.  leas  o».' 
the  ether  side.  A design  such  as  No.  10,  page  43#  is  wn» 
partially  self  compensating.  It  Is  fortunate  that  this 
design  also  minimizes  the  possibility  of  entanglement  wl'tv. 
the  tail  fin. 


9*  General  consideration  of  the  problem  of  stepping  planes 
having  sweptback  wings  has  convinced  the  group  that  in 
stopping  such  planes  the  barricade  elements  mu3t  be 
constructed  to  sustain  considerably  larger  forces  than 
those  encountered  in  stopping  conventional  planes. 
Furthermore,  if  the  forcas  in  these  elements  aro  to  pull 
in  directions  approximately  perpend! cular  to  the  leading 
edges  of  the  wings,  the  forces  which  must  be  sustained 
will  become  larger  as  the  angle  of  sveepbaek  increases* 

10*  It  would  be  advisable  If  possible  to  adopt  a single 

barricadft  which  would  stop  satisfactorily  planes  having 
any  degree  of  sweepback  from  near  0 to  60°.  Barricades 
No.  10  (pages  39  and  90)  and  No,  11  (page  93)  offer  the 
greatest  possibility  of  any  of  the  designs  studied. 

Ties  between  contain  of  the  vertical  elements  might  be 
neoessary  to  provide  satisfactory  operation  upon  engagi-r 
planes  with  sw6ptback  wings,  but  those  ties  wou?.a  in  no 
way  affect  tne  operation  upon  engaging  planes  with 
straight  wings.  Although  Barricade  No.  23  (page  129) 
is  in  some  respects  superior  to  No.  10  and  No.  11  for 
stopping  planes  with  sweptback  wings,  it  would  place  an 
undesirably  large  stress  near  the  tip  of  the  wing  in 
stopping  a plane  with  straight  wing3. 
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